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Resumen 
(QODV~OWLPDVGpFDGDVVHKDQDSRUWDGRVROXFLRQHVSDUDHOGHVDUUROORGHVLVWHPDVGHWLHPSRUHDOEDVDGRVHQFRPSRQHQWHVFRPREDVH
SDUD DXPHQWDU OD SURGXFWLYLGDG \ OD ILDELOLGDG GH VX GHVDUUROOR DVt FRPR VX SRVWHULRU PDQWHQLPLHQWR 'HPRGRPiV UHFLHQWH HVWiQ
DSDUHFLHQGR VROXFLRQHV TXH SHUPLWHQ FLHUWD IOH[LELOLGDG HQ HVWRV VLVWHPDV FRQ PLUDV D VRSRUWDU HMHFXFLyQ GLQiPLFD D WUDYpV GH
UHHPSOD]RV GH FRPSRQHQWHV HQ WLHPSR GH HMHFXFLyQ 3DUD HOOR VH DGDSWDQ ORV PRGHORV GH FRPSRQHQWHV LQWHQWDQGR PLQLPL]DU ORV
FRQIOLFWRV TXH DSDUHFHQ DO LQWHJUDU WLHPSR UHDO \ FRPSRUWDPLHQWR GLQiPLFR \ FRQVHJXLU UHHPSOD]RV GH FRPSRQHQWHV HQ XQ WLHPSR
DFRWDGR8QRGH ORVSULQFLSDOHV UHWRVSDUDHVWRHVHOFiOFXORGH ORV WLHPSRV UHTXHULGRVSRU ODVGLIHUHQWHVRSHUDFLRQHVQHFHVDULDVSDUD
UHDOL]DU XQ UHHPSOD]R GH FRPSRQHQWH (O RWUR JUDQ REVWiFXOR HV FRQRFHU ORV WLHPSRV GH RSHUDFLyQ GH ORV FRPSRQHQWHV GHO VLVWHPD
FXDQGR OD LPSOHPHQWDFLyQ GH pVWRV SXHGH FDPELDU GXUDQWH OD YLGD GHO VLVWHPD(Q HVWH WUDEDMR VH GHVFULEH OD LPSOHPHQWDFLyQ GH XQ
PDUFRGHFRPSRQHQWHVTXHDSRUWDXQD VROXFLyQSDUFLDO D HVWRVSUREOHPDV6HSURSRUFLRQDXQPRGHORGH FRPSRQHQWHV MXQWR FRQ VXV
FRUUHVSRQGLHQWHV DOJRULWPRV SDUD DVHJXUDU TXH ORV FRPSRQHQWHV SXHGHQ VHU FDUJDGRV \ UHHPSOD]DGRV HQ WLHPSR GH HMHFXFLyQ VLQ
LQWHUIHULUHQHOFXPSOLPLHQWRGHVXVSOD]RVGHHMHFXFLyQ(OPRGHORHVWiGLVHxDGRSDUDHYLWDUIDOORVHQORVUHHPSOD]RVGHFRPSRQHQWH
)LQDOPHQWHVHDSRUWDODYDOLGDFLyQGHORVFRQFHSWRVSUHVHQWDGRVCopyright2014 CEA. Publicado por Elsevier España, S.L. Todos los 
derechos reservados.
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1. Introducción 
$ OR ODUJR GH ORV DxRV HO SULQFLSDO REMHWLYR GHO VRIWZDUH GH
WLHPSR UHDO KD VLGR JDUDQWL]DU OD VHJXULGDG \ HO GHWHUPLQLVPR
WHPSRUDO HQ VX HMHFXFLyQ (VWR VH KD REWHQLGR IRU]DQGR OD
SUHGLFWLELOLGDG GHO VLVWHPD GHVGH VX GLVHxR KDVWD VX
IXQFLRQDPLHQWR HQ WLHPSR GH HMHFXFLyQ HYLWDQGR IXHQWHV GH
LQGHWHUPLQLVPRFRPRODSUHVHQFLDGHFRPSRUWDPLHQWRGLQiPLFR
(YROXFLRQHVSRVWHULRUHVHQODLQYHVWLJDFLyQGHWLHPSRUHDOKDQ
DUJXPHQWDGR TXH D SHVDU GH VHU XQ UHWR HYLGHQWH HO
FRPSRUWDPLHQWR GLQiPLFR SXHGH DXPHQWDU OD VHJXULGDG \ HO
UHQGLPLHQWRGHORVVLVWHPDVGHWLHPSRUHDO/L.UDPHUDQG
0DJHH9DQGHZRXGHHWDO:DUUHQHWDO/D
SRVLELOLGDGGHUHHPSOD]DUSDUWHVGHIHFWXRVDVGHOVLVWHPDVLQSDUDU
OD HMHFXFLyQ GH VXV FRPSRQHQWHV LQFUHPHQWD OD VHJXULGDG /D
FDSDFLGDG GH DFWXDOL]DU SDUWHV VRIWZDUH GHO VLVWHPD FRQ SDUWHV
QXHYDVLQFUHPHQWDQGRODVFDSDFLGDGHV\IXQFLRQDOLGDGFRQPHMRU
UHQGLPLHQWR LQFUHPHQWD WDPELpQ OD YLGD GHO VLVWHPD \ SHUPLWH
FRUUHJLUSRVLEOHVIDOORV
8QD GH ODV PDQHUDV PiV H[WHQGLGDV SDUD VRSRUWDU
FRPSRUWDPLHQWR GLQiPLFR  \ DXPHQWDU OD UHXWLOL]DFLyQ GHO
VRIWZDUHHVHOXVRGHFRPSRQHQWHV&DQDOHWDO0F.LQOH\
HWDO6HKDQUHDOL]DGRDSRUWDFLRQHVTXHSHUPLWHQVRSRUWDU
FRPSRUWDPLHQWR GLQiPLFR HQ WLHPSRGH HMHFXFLyQ D VLVWHPDVGH
FRPSRQHQWHV GHVGH VLVWHPDV GLVWULEXLGRV FRPR HO PRGHOR GH
FRPSRQHQWHV GH &25%$ CORBA Component Model &&0
20*  HQ 7HZNVEXU\ HW DO 6WDQNRYLF
$OPHLGD DQG :HJGDP  KDVWD VLVWHPDV HPEHELGRV
PX\ OLJDGRV D OD SODWDIRUPD FRPR 0$57( 20*  HQ
4XDGULHWDO
'HELGRDOH[WHQGLGRXVRGHOOHQJXDMHGHSURJUDPDFLyQ-DYDVH
KDQGLVHxDGRPXFKRVPRGHORVGH FRPSRQHQWHVKDFLHQGRXVRGH
HVWH OHQJXDMH $GHPiV WDPELpQ VH KDQ GLVHxDGR SDUD -DYD
HVSHFLILFDFLRQHVGHWLHPSRUHDOReal Time Specification for Java
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576- %ROOHOOD DQG *RVOLQJ  FRQ OD LQWHQFLyQ GH
VREUHSDVDUDOJXQDVGHODVOLPLWDFLRQHVGHODPiTXLQDYLUWXDO\HO
UHFROHFWRUGHEDVXUD\DXPHQWDUVXFDPSRGHXVRD ORVVLVWHPDV
PiVFUtWLFRV
6RSRUWDUFRPSRUWDPLHQWRVGLQiPLFRVHQXQVLVWHPDGHWLHPSR
UHDO EDVDGR HQ -DYD SUHVHQWD QXPHURVRV UHWRV 'LFKR
FRPSRUWDPLHQWR HVWi SDUFLDOPHQWH UHVWULQJLGR HQ HVWRV VLVWHPDV
SDUD TXH QR VH SHUMXGLTXH VX SUHGLFWLELOLGDG \ OD ILDELOLGDG 6LQ
HPEDUJR TXH ORV FRPSRQHQWHV GHO VLVWHPD SXHGDQ VHU
DFWXDOL]DGRV VLQ DIHFWDU VX FRUUHFWD HMHFXFLyQ HV XQ
FRPSRUWDPLHQWR GHVHDEOH TXH SHUPLWH GRWDU D ORV VLVWHPDV
VRIWZDUH GH SURSLHGDGHV PX\ EHQHILFLRVDV FRPR OD
IOH[LELOLGDGYHUVDWLOLGDG IXQFLRQDO R OD FRUUHFFLyQ GH HUURUHV GH
FyGLJRGHWHFWDGRVHQODIDVHGHHMHFXFLyQRWUDVHOGHVSOLHJXHGHO
VLVWHPD
(O REMHWLYR GH HVWH WUDEDMR HV SURSRUFLRQDU XQ PDUFR GH
FRPSRQHQWHV SDUD VLVWHPDV GH WLHPSR UHDO TXH SUHVHQWDQ
FRPSRUWDPLHQWR GLQiPLFR HV GHFLU VX IXQFLRQDOLGDG SXHGH VHU
PRGLILFDGDLQWURGXFLHQGRQXHYRVFRPSRQHQWHVHOLPLQDQGRRWURV
RUHHPSOD]DQGRRWURVHQWLHPSRGHHMHFXFLyQ3RUORWDQWRGHEHQ
GLVHxDUVH PHFDQLVPRV TXH SHUPLWDQ GLFKR FRPSRUWDPLHQWR VLQ
SDUDUHOVLVWHPD\VLQTXHHOUHVWRGHFRPSRQHQWHVYHDQDIHFWDGDV
VXVUHVWULFFLRQHVWHPSRUDOHV
$FWXDOPHQWH OD IURQWHUD HQWUH FRPSRQHQWHV \ VHUYLFLRV
DSDUHFH HQ FLHUWDV FRQWULEXFLRQHV DOJR GLIXVD (Q HVWH WUDEDMR
KDEODPRV GH componentes activos UHILULpQGRQRV D FRPSRQHQWHV
FX\DIXQFLRQDOLGDGVHEDVDHQXQDWDUHDTXHHMHFXWDVXFyGLJRGH
IRUPD SHULyGLFD \ componentes pasivos RIUHFHQ VX
IXQFLRQDOLGDG D WUDYpV GH RSHUDFLRQHV TXH SXHGHQ VHU LQYRFDGDV
SRU ORV FRPSRQHQWHV DFWLYRV 1R VH FRQWHPSODQ DTXt WDUHDV
DSHULyGLFDV'HELGRDTXHODIXQFLRQDOLGDGGHXQRVFRPSRQHQWHV
GHSHQGH GH OD IXQFLRQDOLGDG GH RWURV HO WLHPSR WRWDO TXH XQ
FRPSRQHQWH QHFHVLWD SDUD FRPSOHWDU VX HMHFXFLyQ GHSHQGH GHO
WLHPSR TXH UHTXLHUHQ RWURV FRPSRQHQWHV SDUD FRPSOHWDU ODV
RSHUDFLRQHVLQYRFDGDV6LHOVLVWHPDHVHVWiWLFRORVFRPSRQHQWHV
TXH LQWHJUDQ HO VLVWHPD QR YDUtDQ D OR ODUJR GH VX YLGD HVWRV
WLHPSRVSXHGHQVHUFRQRFLGRVHQHOPRPHQWRGHVXGLVHxR(QHO
FDVR GH TXH OD LPSOHPHQWDFLyQ GH ORV FRPSRQHQWHV GHO VLVWHPD
SXHGDFDPELDUDORODUJRGHVXHMHFXFLyQORVWLHPSRVGHFyPSXWR
GH FDGD FRPSRQHQWH VyOR SXHGHQ VHU FDOFXODGRV HQ WLHPSR GH
HMHFXFLyQ
(QHVWHWUDEDMRVHGHVFULEHODLPSOHPHQWDFLyQGHXQPDUFRHQ
HO FXDO VH SURSRUFLRQD UHHPSOD]R VHJXUR \ DFWXDOL]DFLyQ GH
FRPSRQHQWHVHQWLHPSRGHHMHFXFLyQSUHVHUYDQGRODVSURSLHGDGHV
WHPSRUDOHVGHODHMHFXFLyQ7DPELpQSHUPLWHODFDUJD\GHVFDUJD
GHFRPSRQHQWHVHQWLHPSRGHHMHFXFLyQ/DFDUJD\UHHPSOD]RGH
FRPSRQHQWHVVyORVRQDFHSWDGDVVLODSODQLILFDELOLGDGGHOVLVWHPD
GXUDQWH\GHVSXpVGHOUHHPSOD]RSXHGHVHUJDUDQWL]DGD
(VWH WUDEDMR VH HVWUXFWXUD FRPR VLJXH /D VLJXLHQWH VHFFLyQ
GHVFULEH WUDEDMRV UHODFLRQDGRV FRQ PDUFRV GH FRPSRQHQWHV
GLQiPLFRV\GH WLHPSRUHDO/DVHFFLyQGHVFULEHHOPRGHORGH
FRPSRQHQWH XVDGR \ HQ HO TXH VH EDVD OD LPSOHPHQWDFLyQ /DV
RSHUDFLRQHVRIUHFLGDVSRUHOPDUFRFRPRODFDUJD\GHVFDUJDGH
FRPSRQHQWHV VH GHVFULEHQ HQ OD VHFFLyQ  (O UHHPSOD]R GH
FRPSRQHQWHV DVt FRPR VX LPSOHPHQWDFLyQ HQ HO PDUFR VRQ
GHVFULWRV HQ OD VHFFLyQ  /D VHFFLyQ  GHVFULEH FyPR KD VLGR
PDQHMDGR HO SUREOHPD GHO UHFROHFWRU GH EDVXUD HQ HVWD
LPSOHPHQWDFLyQ (Q OD VHFFLyQ  VH PXHVWUDQ ORV UHVXOWDGRV GH
XQDYDOLGDFLyQHPStULFDGHOPDUFR)LQDOPHQWHODVHFFLyQDSRUWD
XQDVFRQFOXVLRQHVVREUHHVWHWUDEDMR


2. Trabajos relacionados 
([LVWHQ PXFKRV PDUFRV GH FRPSRQHQWHV DOJXQRV GH HOORV
GLVHxDGRV SDUD VHU GLQiPLFRV PLHQWUDV TXH RWURV HVWiQ PiV
RULHQWDGRVDVLVWHPDVGHWLHPSRUHDO(QHVWDVHFFLyQVHGHVFULEHQ
ORV PiV UHOHYDQWHV ORV FXDOHV QR OOHJDQ D DSRUWDU HO QLYHO GH
GLQDPLFLGDGTXHDSRUWDQXHVWURWUDEDMR
2.1. Marcos de componentes de tiempo real 
8QRGHORVPRGHORVGHFRPSRQHQWHVPiVUHOHYDQWHVRULHQWDGRV
DO GHVDUUROOR GH VLVWHPDV GH WLHPSR UHDO HV 7HVDQRYLF HW DO
 GRQGH VH KDFH XVR GH OD RULHQWDFLyQ D DVSHFWRV SDUD
LPSOHPHQWDU YDULDV GH ODV FDUDFWHUtVWLFDV GH ORV FRPSRQHQWHV \
SRGHU tejerlas weave HQWUH Vt (VWH WHMLGR GH ORV GLIHUHQWHV
DVSHFWRV GH ORV FRPSRQHQWHV UHTXLHUH FDOFXODU HO WLHPSR GH
FyPSXWR HQ HO SHRU GH ORV FDVRV Worst Case Execution Time
:&(7GHFDGDRSHUDFLyQGHFDGDFRPSRQHQWHSDUD ORVDQiOLVLV
GH SODQLILFDELOLGDG (VWRV FiOFXORV VH UHDOL]DQ HQ WLHPSR GH
FRPSLODFLyQ GRQGH ORV GLIHUHQWHV DVSHFWRV VRQ WHMLGRV 1R VH
UHDOL]DQFDPELRVHQWLHPSRGHHMHFXFLyQ1RVHDSRUWDXQPRGHOR
R LQIRUPDFLyQ TXH SHUPLWD DO VLVWHPD FLHUWD GLQDPLFLGDG SDUD
SRGHU FDUJDU GHVFDUJDU R DFWXDOL]DU FRPSRQHQWHV HQ WLHPSR GH
HMHFXFLyQ
9(67 6WDQNRYLF  HV RWUR PDUFR GH FRPSRQHQWHV
EDVDGRHQFRPSRVLFLyQRULHQWDGDDDVSHFWRV(VWHPDUFRWDPELpQ
LQFRUSRUD HO FiOFXOR GH WLHPSRV GH FyPSXWR HQ HO SHRU GH ORV
FDVRVEDVDGRVHQODFRPSRVLFLyQGHDVSHFWRVSDUDORVDQiOLVLVGH
SODQLILFDELOLGDG ,JXDOPHQWH FDUHFH GH VRSRUWH SDUD GLQDPLFLGDG
HQWLHPSRGHHMHFXFLyQ
+2/$4R6*DUFLD9DOOVHWDOLQWURGXFHXQPDUFRHQ
HO TXH VH JHVWLRQD OD FDOLGDG GH VHUYLFLR \ SHUPLWH UHDOL]DU
PRGLILFDFLRQHVHQHOVLVWHPDGXUDQWHODHMHFXFLyQGHOPLVPR(VWD
SURSXHVWD VH EDVD HQ FDPELR GH PRGR OR TXH OD OLPLWD D ORV
PRGRVHVWDEOHFLGRVHQWLHPSRGHGLVHxR
(VWD SURSXHVWD GH +2/$4R6 VH FRPSOHWD \ PHMRUD
LQFOX\HQGRXQSURWRFRORSDUDJHVWLyQGLQiPLFDGHSULRULGDGHVHQ
ORV FDPELRV GH PRGR HQ *DUFtD9DOOV HW DO D (VWD
FRQWULEXFLyQ SXHGH VHU DSOLFDGD FRPR EDVH SDUD FRQVHJXLU
UHHPSOD]RVGHEDMRFRVWH
2.2. Marcos con capacidad de actualización/reemplazo en tiempo 
de ejecución 
(Q6KDVHSURSRQHXQPRGHORSDUDUHHPSOD]RVHJXUR
GHFRPSRQHQWHVHQWLHPSRGHHMHFXFLyQ6KDSURSRQHPDQWHQHUHO
FRPSRQHQWH DQWLJXR HQ HO VLVWHPD WUDV VHU UHHPSOD]DGRSRU XQR
QXHYR(QFDVRGHTXHODHMHFXFLyQGHOQXHYRFRPSRQHQWHIDOOHHV
SRVLEOH UHVWDXUDU OD HMHFXFLyQ GHO DQWLJXR FRPSRQHQWH SRU
FXHVWLRQHVGHVHJXULGDG1RVHDSRUWDQLQJ~Q WLSRGHDQiOLVLVGH
SODQLILFDELOLGDGSDUDDVHJXUDUTXHORVUHHPSOD]RVGHFRPSRQHQWHV
SXHGDQOOHYDUVHDFDERFRQJDUDQWtDVGHFDOLGDGGHVHUYLFLR
(Q ,VRYLF DQG /LQGJUHQ  VH KDFH UHIHUHQFLD D OD
QHFHVLGDGGHWHQHUHQFXHQWDODYHULILFDFLyQGHO:&(7HQWLHPSR
GH HMHFXFLyQ FXDQGR ORV FRPSRQHQWHV VRQ DFWXDOL]DGRV 3HUR
VLPSOHPHQWH VH VXSRQH TXH HO:&(7GHO QXHYR FRPSRQHQWH HV
PHQRU R LJXDO DO WLHPSR UHVHUYDGR SDUD HO FRPSRQHQWH D
UHHPSOD]DU PDQWHQLHQGR ORV PLVPRV YDORUHV HQ HO UHVWR GH
SDUiPHWURV GHO FRPSRQHQWH 1R VH FRQWHPSOD QLQJ~Q WLSR GH
DQiOLVLVGHSODQLILFDELOLGDG7DPSRFRVHFRQWHPSOD ODUHVHUYDGH
UHFXUVRVSDUDSRGHUUHDOL]DUHOSURSLRUHHPSOD]RGHFRPSRQHQWH
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(O FiOFXOR GH :&(7 DVt FRPR GH ORV WLHPSRV GH HMHFXFLyQ
H[WUHPRD H[WUHPRGH FRPSRQHQWHV end-to-endGH pVWH \RWURV
WUDEDMRVHVWiQEDVDGRVHQ&RUQZHOODQG:HOOLQJV
5DVFKH \ 3RO]H SUHVHQWDQ HQ 5DVFKH DQG 3RO]H  \
5DVFKH DQG 3RO]H  XQD WpFQLFD SDUD OD UHFRQILJXUDFLyQ
GLQiPLFD GH VRIWZDUH EDVDGR HQ FRPSRQHQWHV HQ OD TXH ORV
FRPSRQHQWHVVRQEORTXHDGRVSDUDSRGHUDSOLFDUWDUHDVGHJHVWLyQ
FRPRXQDUHFRQILJXUDFLyQ5HDOPHQWHODUHFRQILJXUDFLyQVHDSOLFD
HQXQDPDQHUDTXHODHMHFXFLyQGHWRGDVODVWUDQVDFFLRQHVTXHVH
HVWpQ OOHYDQGR D FDER HQ HO PRPHQWR HQWUH FRPSRQHQWHV VH
WHUPLQHQFRUUHFWDPHQWH6LQHPEDUJRODDSOLFDFLyQHVEORTXHDGD
KDVWD TXH OD UHFRQILJXUDFLyQ KD\D WHUPLQDGR 1R VH WLHQHQ HQ
FXHQWDSOD]RVGHHMHFXFLyQGHWLHPSRUHDO
2WURV WUDEDMRVVtTXH WLHQHQHQFXHQWDSOD]RVGHHMHFXFLyQGH
WLHPSRUHDOFRPR:DKOHUHWDOTXHVHFHQWUDHQODFRSLD
GHOHVWDGRGHOFRPSRQHQWHODFXDOSXHGHUHTXHULUYDULRVFLFORVGH
HMHFXFLyQKDVWDFRPSOHWDUVH$XQTXHHVWHPpWRGRQRDVHJXUDTXH
OD FRSLD GHO HVWDGR GHO FRPSRQHQWH SXHGD FRPSOHWDUVH HQ XQ
Q~PHURILMRGHFLFORVGDGRTXHHOFRPSRQHQWHVLJXHHQHMHFXFLyQ
\ HO HVWDGR SXHGH YHUVH PRGLILFDGR /RV GDWRV \D FRSLDGRV
SRGUtDQWHQHUTXHYROYHUDVHUFRSLDGRVVLVHKDQPRGLILFDGR
([LVWHQPiV WUDEDMRV TXH SURSRUFLRQDQ DOJ~Q WLSR GH FDOLGDG
GHVHUYLFLRGXUDQWHXQDUHFRQILJXUDFLyQFRPR*DUFtD9DOOVHWDO
0LJXHO HW DO  GRQGH VH SURSRQH UHVHUYDU UHFXUVRV
SDUD SRGHU UHDOL]DU UHFRQILJXUDFLRQHV GH DFXHUGR FRQ ODV
QHFHVLGDGHV GHO VLVWHPD (VWH PpWRGR HVWi RULHQWDGR D VLVWHPDV
PXOWLPHGLD EDVDGR HQ DVLJQDFLyQ GH WLHPSRV GH HMHFXFLyQ \
DVLJQDFLyQGLQiPLFDGHSULRULGDGHV/RVUHFXUVRVVRQUHVHUYDGRV
SDUD FDGD FRPSRQHQWH LQGHSHQGLHQWHPHQWH GH PDQHUD TXH ORV
FRPSRQHQWHVSXHGHQUHFRQILJXUDUVHSDUDDGDSWDUVHDODFDOLGDGGH
VHUYLFLR TXH QHFHVLWD HO VLVWHPD (VWH PpWRGR HVWi FHQWUDGR HQ
DVHJXUDU XQD FDOLGDG GH VHUYLFLR SDUD XQD FRQVWDQWH
UHFRQILJXUDFLyQHQXQVLVWHPDPXOWLPHGLD5HDOPHQWHHO VLVWHPD
QRHVWiGLVHxDGRSDUDSHUPLWLUHOUHHPSOD]RGHFRPSRQHQWHVVLQR
OD UHFRQILJXUDFLyQGHpVWRVSDUDPRGLILFDU OD FDOLGDGGHVHUYLFLR
RIUHFLGDHQFDGDPRPHQWR
'H IRUPD VLPLODU RWUR GH ORV PpWRGRV PiV XWLOL]DGRV HV HO
FDPELR GH PRGR *DUFtD9DOOV HW DO  GRQGH WRGDV ODV
SRVLEOHV FRQILJXUDFLRQHV \D HVWiQ SUHGHWHUPLQDGDV HQ WLHPSRGH
GLVHxR /RV FDPELRV GH XQ PRGR D RWUR \ ODV WDUHDV TXH VH
HMHFXWDQ HQ FDGD PRPHQWR VH HQFXHQWUDQ \D SUHGHWHUPLQDGDV
8QR GH ORV HMHPSORV GH LPSOHPHQWDFLyQ GH HVWH VLVWHPD HVWi
GHVFULWRHQ*DUFtD9DOOVHWDOE/DSULQFLSDOOLPLWDFLyQGH
OD UHFRQILJXUDFLyQ EDVDGD HQ FDPELR GH PRGRV HV TXH ORV
FRPSRQHQWHV QR SXHGHQ VHU DFWXDOL]DGRV R UHHPSOD]DGRV SRU
QXHYDV YHUVLRQHV HQ WLHPSR GH HMHFXFLyQ /DV QXHYDV
FDUDFWHUtVWLFDV WHPSRUDOHV GH ORV FRPSRQHQWHV GDUtDQ OXJDU D
FRQILJXUDFLRQHVGHOVLVWHPDQRSUHYLVWDVHQWLHPSRGHGLVHxR
7DPELpQ H[LVWHQ DSUR[LPDFLRQHV SDUD VRSRUWDU OD HMHFXFLyQ
GLQiPLFD HQ VLVWHPDV GH WLHPSR UHDO GLVWULEXLGRV EDVDGRV HQ
FRPSRVLFLyQGHVHUYLFLRV*DUFtD9DOOVHWDOD\DMXVWDGRV
DO FXPSOLPLHQWR GH UHTXLVLWRV GH FDOLGDG GH VHUYLFLR 3DUD HOOR
H[LVWHQ WUDEDMRV TXH FDUDFWHUL]DQ ODV SURSLHGDGHV GH FDOLGDG GH
VHUYLFLR UHODFLRQDGDV SULQFLSDOPHQWH FRQ HO FRPSRUWDPLHQWR
WHPSRUDOFRPRVHGHVFULEHHQ*DUFtD9DOOVHWDOE
2.3. Marcos de componentes para RTSJ 
([LVWHQ P~OWLSOHV PDUFRV GH FRPSRQHQWHV EDVDGRV HQ HO
OHQJXDMH-DYD8QRGHORVPiVFRQRFLGRVHVHOSURSRUFLRQDGRSRU
26*L 26*L $OOLDQFH  eVWH HV OODPDGR Declarative 
Services 6HUYLFLRV'HFODUDWLYRV \ HVWi EDVDGR HQ FRPSRQHQWHV
GH VHUYLFLRV (VWRV FRPSRQHQWHV GHFODUDQ ORV VHUYLFLRV TXH
SURSRUFLRQDQDOUHVWRGHOVLVWHPD\ORVVHUYLFLRVTXHUHTXLHUHQGH
RWURVFRPSRQHQWHVSDUDSRGHUWUDEDMDU26*LSRUORWDQWRHVXQD
SODWDIRUPDGLQiPLFDGRQGHORVFRPSRQHQWHVSXHGHQVHUFDUJDGRV
GHVFDUJDGRV \ UHHPSOD]DGRV HQ WLHPSRGH HMHFXFLyQ VLQ SDUDU R
EORTXHDU OD HMHFXFLyQ GH ORV FRPSRQHQWHV UHODFLRQDGRV (VWR HV
UHDOL]DGRKDFLHQGRXVRGHODcontinuidadGHILQLGDHQORVVLVWHPDV
GHFRPSRQHQWHVFRPRODFDSDFLGDGGHPDQWHQHUYDULDVYHUVLRQHV
GH ORV PLVPRV FRPSRQHQWHV D OD YH] HQ HMHFXFLyQ PLHQWUDV VH
UHDOL]DQ ORV UHHPSOD]RV RPLHQWUDV VHDQ UHIHUHQFLDGRV SRU RWURV
FRPSRQHQWHV(QQLQJ~QFDVR26*LDVHJXUDODFDOLGDGGHVHUYLFLR
HQ OD SODWDIRUPD GXUDQWH OD HMHFXFLyQ QRUPDO GHO VLVWHPD R
GXUDQWHODHMHFXFLyQGHWDUHDVGHJHVWLyQ
([LVWHQRWURVPDUFRVEDVDGRVHQFRPSRQHQWHV\HQHOOHQJXDMH
-DYDTXHVtDSRUWDQFDUDFWHUtVWLFDVGHWLHPSRUHDOKDFLHQGRXVRGH
576- /D PD\RUtD GH HOORV DSRUWDQ DEVWUDFFLRQHV GH DOWR QLYHO
SDUDFUHDUFRPSRQHQWHVGHWLHPSRUHDORSDUDJHVWLRQDUPHPRULD
FRPR%UXQHWRQHWDO%XUHVHWDO&ODUNHHWDO
 \ 3OãHN HW DO  6LQ HPEDUJR VyOR 3OãHN KDFH XQD
UHVHxD VREUH ODQHFHVLGDGGH VRSRUWDU OD DGDSWDFLyQGLQiPLFDHQ
3OãHN HW DO  GRQGH VH UHFRQRFH GLFKD QHFHVLGDG SHUR
WDPSRFRVHDSRUWDQLQJXQDVROXFLyQ
(Q&DQRDQG*DUFtD9DOOVVHHVWDEOHFHQODVEDVHV\ORV
PHFDQLVPRVSDUDODSODQLILFDFLyQGHWLHPSRUHDOGHUHHPSOD]RVGH
FRPSRQHQWHV (Q HO SUHVHQWH WUDEDMR VH GHWDOOD HO PDUFR TXH
HQJOREDUtDODVHVWUDWHJLDVGHUHHPSOD]RSURSRUFLRQDQGRXQDYLVWD
PiVRULHQWDGDDODLPSOHPHQWDFLyQGHGLFKRPDUFR

3. Modelo de componente 
'H DFXHUGR FRQ &UQNRYLF HW DO  ORV FRPSRQHQWHV
SXHGHQ VHU FODVLILFDGRV HQ basados en operación R basados en
puertos GHSHQGLHQGR GHO WLSR GH LQWHUID] RIUHFLGD \ VXV
FRQH[LRQHV 'H HOOR GHSHQGHUi OD IRUPD HQ OD TXH VHDQ
FRQHFWDGRV (Q ORV PRGHORV EDVDGRV HQ SXHUWRV ORV GDWRV
LQWHUFDPELDGRV HQWUH FRPSRQHQWHV VRQ HQYLDGRV D WUDYpV GH XQD
FRQH[LyQ/D HMHFXFLyQ GH XQ FRPSRQHQWH HV DFWLYDGD DO UHFLELU
XQDVHxDOGHRWURFRPSRQHQWHRGHIRUPDSHULyGLFDDWUDYpVGHXQ
UHORM
(QHOFDVRGH26*LVXPRGHORGHFRPSRQHQWHVHVWiEDVDGRHQ
RSHUDFLyQGHELGRDTXHRIUHFHQ VHUYLFLRVPHGLDQWH LQWHUIDFHVGH
-DYD/DHMHFXFLyQGHODVRSHUDFLRQHVGHOFRPSRQHQWHHVDFWLYDGD
FXDQGR VRQ LQYRFDGDV GHVGH RWUR FRPSRQHQWH (Q -DYD HVWR
UHSUHVHQWDODOODPDGDRLQYRFDFLyQGHXQPpWRGRGHXQREMHWR
3.1. Interfaces 
/RV PpWRGRV TXH SURSRUFLRQD XQ FRPSRQHQWH GHILQHQ VX
LQWHUID](QHVWHWUDEDMRVHGLIHUHQFLDHQWUHGRVWLSRVGHLQWHUIDFHV
LQWHUIDFHVGHFRQILJXUDFLyQHLQWHUIDFHVGHFRPSRVLFLyQ
Interfaz de configuración(VXQD LQWHUID] FRP~Q D WRGRV ORV
FRPSRQHQWHV\TXHSHUPLWHTXHVHDQJHVWLRQDGRVSRUHOPDUFRGH
FRPSRQHQWHV3HUPLWHDOPDUFRGHVSOHJDU ORVFRPSRQHQWHVHQOD
SODWDIRUPD/RVPpWRGRVGHILQLGRVHQHVWDLQWHUID]VHHQFXHQWUDQ
GHWDOODGRVHQHO/LVWDGR
(VWD LQWHUID]SURSRUFLRQDEiVLFDPHQWHGRVPpWRGRVXQRSDUD
TXH HO PDUFR LQLFLH OD HMHFXFLyQ GHO FRPSRQHQWH \ RWUR SDUD
GHWHQHUOR 3DUD SRGHU FRQHFWDU HVWH FRPSRQHQWH D RWURV HQ
HMHFXFLyQ OD SODWDIRUPD RIUHFH HO PpWRGR setDepend (VWH
PpWRGR MXQWR FRQ getState \ setState VRQ XVDGRV HQ HO
SURFHVR GH UHHPSOD]R SDUD FRSLDU ODV GHSHQGHQFLDV GHO
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FRPSRQHQWH DVt FRPRVXHVWDGR(VWRVPpWRGRV VHUiQGHWDOODGRV
PiVDGHODQWH

public interface Component { 
public Object getState(); 
public void setState(Object state); 
  
public void setDepend(Dependence dep, Component 
comp); 
public boolean start(); 
 public void stop(); 
}
/LVWDGR,QWHUID]GHFRQILJXUDFLyQGHFRPSRQHQWH
Interfaz de operaciones o composición /RV REMHWRV GH -DYD
SXHGHQRIUHFHUYDULDVLQWHUIDFHVGLIHUHQWHVDOPLVPRWLHPSRSHUR
SRU VLPSOLFLGDG \ FRPSDWLELOLGDGFRQ ODSODWDIRUPD26*L VyOR
VH WLHQH HQ FXHQWD XQR GH ORV LQWHUIDFHV LPSOHPHQWDGRV (VWR
WDPELpQ VLPSOLILFD OD FRPSRVLFLyQGHFRPSRQHQWHVGH ODPLVPD
PDQHUD TXH HQ ORV servicios dinámicos GH 26*L &DGD
FRPSRQHQWH VyOR SXEOLFD XQ VHUYLFLR DXQTXH SXHGH UHTXHULU
YDULRVVHUYLFLRVGLIHUHQWHVSDUDWUDEDMDU
3.2. Extendiendo el modelo de componente para reemplazo de 
tiempo real 
(O FyGLJR GH ORV FRPSRQHQWHV HV HMHFXWDGR SRU WDUHDV GH
WLHPSRUHDOTXHGHEHQVHUSODQLILFDGDVSDUDJDUDQWL]DUVXVWLHPSRV
GH HMHFXFLyQ $ FRQWLQXDFLyQ VH LQFOX\H XQD GHVFULSFLyQ PiV
GHWDOODGDGHORVUHTXLVLWRVFRUUHVSRQGLHQWHV
(OPDUFRVRSRUWDGRVWLSRVGHFRPSRQHQWHVSDVLYRV\DFWLYRV
Componentes pasivos (VWRV FRPSRQHQWHV UHFLEHQ SHWLFLRQHV
SDUD HMHFXFLyQ GH VXV RSHUDFLRQHV 1R GLVSRQHQ GH XQD WDUHD
LQKHUHQWHDOPLVPRTXHHMHFXWHVXFyGLJR(VQHFHVDULRFDOFXODUHO
WLHPSRGH FyPSXWR HQ HO SHRUGH ORV FDVRVSDUD FDGD RSHUDFLyQ
RIUHFLGDSDUDTXHVHDWHQLGRHQFXHQWDHQODSODQLILFDFLyQJOREDO
GHWDUHDVGHOPDUFRGHFRPSRQHQWHV
Componentes activos6HFRQVLGHUDQFRPSRQHQWHVDFWLYRV ORV
TXHGLVSRQHQGHXQDWDUHDGHWLHPSRUHDOTXHHMHFXWDVXFyGLJR
/DWDUHDGHXQFRPSRQHQWHDFWLYRVHHMHFXWDGHIRUPDSHULyGLFD\
VXV SDUiPHWURV WHPSRUDOHV XWLOL]DGRV SRU OD SODWDIRUPD SDUD HO
DQiOLVLVGHSODQLILFDELOLGDGVRQ
• )UHFXHQFLDRSHULRGRGHDFWLYDFLyQGHOFRPSRQHQWHTi
• 7LHPSRGHFyPSXWRHQHOSHRUFDVRCi
• 3OD]R GH HMHFXFLyQ SDUD FDGD SHULRGR GH DFWLYDFLyQ GHO
FRPSRQHQWHDi
'RQGHiHVHOQ~PHURGHWDUHDRFRPSRQHQWHDFWLYRGHQWURGHO
PDUFR 6H FRQVLGHUD TXH VyOR KD\ XQD KHEUD GH HMHFXFLyQ SRU
FRPSRQHQWHDFWLYR
(VWHPRGHORVHFRUUHVSRQGHFRQHOPRGHORGHSODQLILFDFLyQGH
SULRULGDGHV PRQyWRQDV HQ IUHFXHQFLD Rate Monotonic 
Scheduling 506 /HKRF]N\ HW DO  SDUD HO DQiOLVLV GH
SODQLILFDELOLGDG
/RV FRPSRQHQWHV DFWLYRV KDFHQ XVR GH ORV FRPSRQHQWHV
SDVLYRV (Q XQ HQWRUQR GLQiPLFR HQ HO TXH ORV FRPSRQHQWHV
SXHGHQVHUFDUJDGRVGHVFDUJDGRV\UHHPSOD]DGRVHOWLHPSRSDUD
FRPSOHWDU OD HMHFXFLyQ GH XQD WDUHD SXHGH YDULDU ,VRYLF DQG
/LQGJUHQ /DV FRQGLFLRQHV GH HMHFXFLyQ FDPELDQ GXUDQWH
OD YLGD GHO VLVWHPD 3RU WDQWR ORV WLHPSRV GH FyPSXWR QR VyOR
GHSHQGHQGH ODSODWDIRUPDItVLFDGHHMHFXFLyQ VLQRTXH WDPELpQ
GHSHQGHQGHOUHVWRGHFRPSRQHQWHVHQHMHFXFLyQHQODSODWDIRUPD
(O WLHPSR QHFHVDULR SDUD FRPSOHWDU OD HMHFXFLyQ GH RSHUDFLRQHV
GHFRPSRQHQWHVSDVLYRVDIHFWDDORVWLHPSRVGHHMHFXFLyQGHORV
FRPSRQHQWHV DFWLYRV 3RU OR WDQWR HV QHFHVDULR XQPpWRGR SDUD
FDOFXODU HO WLHPSR GH FyPSXWR HQ HO SHRU FDVR H[WUHPR D
H[WUHPR SDUD OD WDUHD GH XQ FRPSRQHQWH DFWLYR HQ WLHPSR GH
HMHFXFLyQ HV GHFLU DQWHV GH TXH HO FRPSRQHQWH VHD FDUJDGR \
DFWLYDGRSDUDSRGHUSDVDUORVDQiOLVLVGHSODQLILFDELOLGDG
3.3. Modelo de tiempo de cómputo en el peor caso 
7DO\FRPRVHKDGHVFULWRHQODVHFFLyQDQWHULRUHOWLHPSRWRWDO
GHHMHFXFLyQH[WUHPRDH[WUHPRGHODLQYRFDFLyQGHXQDWDUHDGH
FRPSRQHQWHGHSHQGHGHO WLHPSRGHHMHFXFLyQGHODVRSHUDFLRQHV
XWLOL]DGDV SRU GLFKR FRPSRQHQWH (O WLHPSR GH FyPSXWR GH OD
WDUHD GH XQ FRPSRQHQWH DFWLYR FRQVWD GHO FRVWH GH HMHFXWDU HO
FyGLJRGHVXSURSLRFRPSRQHQWHPiVHOFRVWHGHODVRSHUDFLRQHV
GHFRPSRQHQWHVSDVLYRVTXHLQYRFD(QHVWHWUDEDMRFRQVLGHUDPRV
TXHHVWRVWLHPSRVSXHGHQQRVHUFRQRFLGRVHQWLHPSRGHGLVHxR
VyORFXDQGRORVFRPSRQHQWHVVRQGHVSOHJDGRVVREUHODSODWDIRUPD
\FRQHFWDGRVSDUDVXHMHFXFLyQÒQLFDPHQWHHOWLHPSRPtQLPRGH
HMHFXFLyQ GH OD WDUHD GHO FRPSRQHQWH HV FRQRFLGR HQ WLHPSRGH
GLVHxR(OWLHPSRWRWDOGHHMHFXFLyQGHODWDUHDGHXQFRPSRQHQWH
DFWLYR YHQGUi GDGR SRU OR WDQWR SRU VX WLHPSR PtQLPR GH
HMHFXFLyQ actiC PiVORVWLHPSRVGHHMHFXFLyQGHODVRSHUDFLRQHV
LQYRFDGDV passljC  (VWRYLHQHGHVFULWRHQODVLJXLHQWHHFXDFLyQ
 ( )¦
=
+=
m
j
lj
pass
lj
act
ii nCCC

   

'RQGH
• CiHVHOWLHPSRGHFyPSXWRHQHOSHRUFDVRGHODWDUHDGHO
FRPSRQHQWHDFWLYR
•
act
iC  HV HO WLHPSRPtQLPR GH HMHFXFLyQ GH OD WDUHD VLQ
WHQHU HQ FXHQWD ODV RSHUDFLRQHV LQYRFDGDV GH RWURV
FRPSRQHQWHV
• mHVHOQ~PHURGHRSHUDFLRQHVGHRWURVFRPSRQHQWHVTXH
VRQLQYRFDGRVSRUODWDUHD
•
pass
ljC   HV HO WLHPSR GH FyPSXWR HQ HO SHRU FDVR GH OD
RSHUDFLyQ l GHO FRPSRQHQWH j LQYRFDGR SRU OD WDUHD GHO
FRPSRQHQWHi
• nj,l HV HO Q~PHUR GH YHFHV TXH OD RSHUDFLyQ l GHO
FRPSRQHQWHjHVLQYRFDGR
/RV WLHPSRV GH FyPSXWR VXHOHQ VHU FDOFXODGRV HQ WLHPSR GH
GLVHxRRGHFRPSLODFLyQ6WDQNRYLF7HVDQRYLFHWDO
SHURHQXQHQWRUQRGLQiPLFRFRQ UHHPSOD]RGHFRPSRQHQWHVHQ
WLHPSR GH HMHFXFLyQ HVWD LQIRUPDFLyQ UHVXOWD LQ~WLO WUDV XQD
PRGLILFDFLyQGHOVLVWHPD3RUORWDQWRHVWDLQIRUPDFLyQWLHQHTXH
FDOFXODUVH HQ WLHPSR GH HMHFXFLyQ SDUD SRGHU DSOLFDU
FRUUHFWDPHQWH ORV DQiOLVLV GH SODQLILFDELOLGDG 3RU OR WDQWR FDGD
FRPSRQHQWH GHEHUi LQFOXLU OD LQIRUPDFLyQ FRUUHVSRQGLHQWH D ORV
WLHPSRV GH HMHFXFLyQ FRPR HO WLHPSRPtQLPRGH HMHFXFLyQ ODV
RSHUDFLRQHVTXHVRQLQYRFDGDVGHRWURVFRPSRQHQWHV\HOQ~PHUR
GH YHFHV TXH VRQ LQYRFDGRV (VWD LQIRUPDFLyQ HV XVDGD SRU HO
PDUFR HQ WLHPSR GH HMHFXFLyQ SDUD DSOLFDU OD (FXDFLyQ  \
FDOFXODUHOWLHPSRGHFyPSXWRH[WUHPRDH[WUHPRHQHOSHRUFDVR
GH FDGD WDUHD HQ HO VLVWHPD (VWH WLHPSR YDUtD D OR ODUJR GH OD
HMHFXFLyQ GHO VLVWHPD GHSHQGLHQGR GH ORV FRPSRQHQWHV TXH VH
HVWpQHMHFXWDQGRHQFDGDPRPHQWR
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3.4. Implementación del modelo de descripción de componente 
([LVWHQYDULDVFODVHVSDUDUHSUHVHQWDUODLQIRUPDFLyQVREUHORV
FRPSRQHQWHVTXHQHFHVLWDHOPDUFRSDUDSRGHUREWHQHUHOWLHPSR
GH FyPSXWR HQ HO SHRU FDVR GH FDGD WDUHD /D )LJXUD PXHVWUD
HVWDV FODVHV &DGD FRPSRQHQWH WLHQH DVRFLDGD XQD FODVH TXH OD
GHVFULEH ComponentDesc(VWDFODVHFRQWLHQH ODVGHSHQGHQFLDV
GHO FRPSRQHQWH Dependency HVWR VRQ ODV RSHUDFLRQHV GH ODV
TXH GHSHQGH SDUD SURSRUFLRQDU VX IXQFLRQDOLGDG 7DPELpQ
FRQWLHQH OD LQIRUPDFLyQ VREUH ODV RSHUDFLRQHV TXH SURSRUFLRQD
Operation DVt FRPR ODV LQYRFDFLRQHV UHDOL]DGDV SRU HVWDV
RSHUDFLRQHVServiceInvocation

)LJXUD&ODVHVGHGHVFULSFLyQGHOFRPSRQHQWH
/DWDUHDGHORVFRPSRQHQWHVDFWLYRVHVGHWLSRRTThread,TXH
GHULYDGHODFODVHRealtimeThreadGH576-(VWRVFRPSRQHQWHV
WDPELpQ GHEHQ LQFOXLU XQ REMHWR GH WLSR RTAttributes TXH
LQFOX\H ORV SDUiPHWURV WHPSRUDOHV TXH GHEHUiQ VHU DSOLFDGRV HQ
ORVDQiOLVLVGHSODQLILFDELOLGDGGHOPDUFR
RTThread VHSURSRUFLRQDFRPRXQDFODVHDEVWUDFWDTXH\DVH
HQFDUJD GH PDQHMDU FLHUWDV FDUDFWHUtVWLFDV GH OD FODVH
RealtimeThread GH 576- 'H HVWD PDQHUD SURSRUFLRQD XQD
LQWHUID] VLPSOLILFDGD SDUD TXH XQ FRPSRQHQWH VyOR WHQJD TXH
LQFOXLUHOFyGLJRTXHGHEDVHUHMHFXWDGRHQFDGDLQYRFDFLyQGHOD
WDUHD7DPELpQVHSURSRUFLRQDXQPpWRGRwrapupGHFLHUUHSDUD
FXDQGR HO FRPSRQHQWH VHD SDUDGR \ OD WDUHD VHD HOLPLQDGD GHO
SODQLILFDGRUYHU/LVWDGR

public abstract class RTThread extends
FRealtimeThread { 
private boolean active = true; 
public void run() { 
  while (active == true) { 
   execute(); 
   waitForNextPeriod(); 
  } 
  wrapup(); 
 } 
protected abstract void wrapup(); 
protected abstract void execute(); 
}
/LVWDGR,PSOHPHQWDFLyQGH577KUHDG
/RV FRPSRQHQWHV DFWLYRV VyOR UHTXLHUHQ LPSOHPHQWDU XQD
FODVHLQWHUQDTXHH[WLHQGDGHRTThreadFRQORVPpWRGRVexecute
\ wrapup LPSOHPHQWDGRV $XQTXH ORV FRPSRQHQWHV DFWLYRV QR
HVWiQ UHVWULQJLGRV DO XVR GH HVWD FODVH OD LPSOHPHQWDFLyQ GH ORV
FRPSRQHQWHVHVWiGLVHxDGDSDUDKDFHUXVRGHOPpWRGRsetActive
SDUD GHWHQHU OD HMHFXFLyQ GH OD WDUHD FXDQGR HO FRPSRQHQWH HV
GHVFDUJDGR
3.5. Cálculo de WCET 
$QWHVGHSRGHULQVWDQFLDUFXDOTXLHUFRPSRQHQWHHQHOVLVWHPD
HV QHFHVDULR FDOFXODU HO WLHPSR GH FyPSXWR HQ HO SHRU FDVR
:&(7GHGLFKRFRPSRQHQWH(VWH:&(7HVGHVFRQRFLGRKDVWD
TXHXQDLPSOHPHQWDFLyQFRQFUHWDHVFDUJDGDHQHOVLVWHPD'HOD
PLVPDPDQHUDFXDQGRXQFRPSRQHQWHHVUHHPSOD]DGRHOWLHPSR
DVLJQDGR SDUD OD HMHFXFLyQ GHO FRPSRQHQWH GHSHQGH GH ODV
QHFHVLGDGHVGH ODQXHYD LQVWDQFLD+D\TXH UHFDOFXODU HO:&(7
SDUDODQXHYDLQVWDQFLD
/D LQIRUPDFLyQ QHFHVDULD SDUD UHDOL]DU HVWH FiOFXOR HVWi
GHVFULWD\PRGHODGDSDUDHOPDUFRHQODVVHFFLRQHVDQWHULRUHV(O
/LVWDGRPXHVWUDFyPRHVFDOFXODGRHO:&(7(QpOVHKDFHXVR
GH GHSHQGHQFLDV LQYHUVDV eVWD HV XQD OLVWD HQ OD TXH SRU FDGD
FRPSRQHQWH VH KDFH UHIHUHQFLD D ORV TXH KDFHQ XVR GH pO /DV
GHSHQGHQFLDV LQYHUVDV VH GHVFULEHQ FRQ PiV GHWDOOH HQ OD
VLJXLHQWHVHFFLyQ

CalculateWCET(Component): 
 operations = 
registry.getComponent(Component).getDescription().g
etOperations() 
for all O in operation do
  invocations = O.getInvocations() 
  WCET = O.getBaseWCET() 
  for all S in invocations do
   WCET = WCET + S.getTimes() * 
S.getServiceOperation().getWCET() 
  end for 
  O.setWCET(WCET) 
end for 
 rev_dependencies = 
registry.getRev_Dependencies(Component) 
for all R in rev_dependencies do 
  calculateWCET(R.getComponent) 
end for
/LVWDGR&iOFXORGH:&(7
$OJXQDVSDUWHVGHO FyGLJRPRVWUDGRHQHO/LVWDGRKDQVLGR
VLPSOLILFDGDVSDUDIDFLOLWDUVXFRPSUHQVLyQ3DUDORVFRPSRQHQWHV
TXH GHSHQGDQ GH pVWH QR HV QHFHVDULR UHFDOFXODU HO:&(7 SDUD
WRGDVVXVRSHUDFLRQHV VLQRVyORSDUD ODVRSHUDFLRQHVHVSHFtILFDV
TXHGHSHQGDQGHOFRPSRQHQWHDUHHPSOD]DU'HPDQHUDVLPLODUOD
LQIRUPDFLyQ FRQWHQLGD HQ OD FODVH Dependency \ VX JHVWLyQ HV
VLPSOLILFDGDSRUUD]RQHVGHSUHVHQWDFLyQ

4.  Registro de componentes 
(O UHJLVWUR GH FRPSRQHQWHV WLHQH XQ SDSHO SULQFLSDO HQ HO
PDUFR \ HVWi GLVHxDGR SDUD PDQHMDU ODV LQVWDQFLDV GH
FRPSRQHQWHVHQHMHFXFLyQDVtFRPRVXVGHSHQGHQFLDV7DPELpQ
JHVWLRQDODVFODVHVGHFDGDFRPSRQHQWHLQFOXVRVLQRKD\QLQJXQD
LPSOHPHQWDFLyQ HMHFXWiQGRVH HQ HVHPRPHQWR $XQTXH OD FODVH
FrameworkRIUHFHXQDLQWHUID]SDUDHOPDQHMRGHFRPSRQHQWHVHV
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ODFODVHGHOUHJLVWURComponentRegODHQFDUJDGDGHOPDQHMRGH
LQVWDQFLDVYHU)LJXUD

)LJXUD0RGHORGHUHJLVWURGHFRPSRQHQWHV
/D FODVH ComponentReg LPSOHPHQWD OD PD\RU SDUWH GH OD
IXQFLRQDOLGDG GHO UHJLVWUR $GHPiV GH OD OLVWD GH FRPSRQHQWHV
GLVSRQLEOHV HQ HO PDUFR \ GH OD OLVWD GH LQVWDQFLDV WDPELpQ
FRQWLHQHXQDOLVWDLQYHUVDGHGHSHQGHQFLDVrev_dependencies
(VWDOLVWDHVODXWLOL]DGDHQHOFiOFXORGHO:&(7SDUDFDOFXODUHO
SHRU WLHPSR GH FyPSXWR GH FDGD FRPSRQHQWH HQ WLHPSR GH
HMHFXFLyQ 3DUD OD DSOLFDFLyQ GH HVWH DOJRULWPR ODV GHSHQGHQFLDV
GH ORV FRPSRQHQWHV WLHQHQ TXH UHVROYHUVH HQ RUGHQ LQYHUVR GHO
FRPSRQHQWHUHHPSOD]DGRRFDUJDGRDDTXHOORVTXHKDFHQXVRGH
pO$VtQRHVQHFHVDULRKDFHUXQDE~VTXHGDGHFRPSRQHQWHVTXH
VHYHDQDIHFWDGRVSRUHOXVRGHODQXHYDLPSOHPHQWDFLyQ
4.1. Actividades gestionadas por el registro 
/DV SULQFLSDOHV DFWLYLGDGHV GH HVWH PDUFR VRQ OD FDUJD
GHVFDUJD \ UHHPSOD]R GH FRPSRQHQWHV HQ WLHPSR GH HMHFXFLyQ
'HELGRDODFRPSOHMLGDGHQHOPDQHMRGHORVFDUJDGRUHVGHFODVHV
GH-DYDclassloaders\HOPDQHMRGHILFKHURVGHHPSDTXHWDGRGH
FODVHVILFKHURVWLSR.jarVyORVHFRQVLGHUDQHQHOPDUFRODVFODVHV
TXH \D H[LVWHQ HO VLVWHPD HQ WLHPSR GH HMHFXFLyQ (Q IXWXURV
WUDEDMRV HVWHPDUFR VHUi LQWHJUDGR FRQ26*L HO FXDO SHUPLWH OD
FDUJD\GHVFDUJDGHFyGLJR-DYDPHGLDQWHILFKHURVGHWLSR.jar$
FRQWLQXDFLyQ VH GHWDOODQ ODV GLIHUHQWHV DFWLYLGDGHV TXH
SURSRUFLRQDHOPDUFR(OUHHPSOD]RGHFRPSRQHQWHVHVWiGHVFULWR
HQ OD VHFFLyQ VLJXLHQWH GHELGR D VX FRPSOHMLGDG \ DO VHU HO
SULQFLSDOREMHWLYRGHHVWHWUDEDMR
Carga e instanciación de componentes 
'DGDVODVUHVWULFFLRQHVDQWHULRUPHQWHGHVFULWDV ODFDUJDGHXQ
FRPSRQHQWH HQ HO PDUFR FRQVLVWH HQ DxDGLU OD FODVH GHO
FRPSRQHQWH DO UHJLVWUR FRQ VXFRUUHVSRQGLHQWH GHVFULSFLyQ8QD
YH] TXH HO FRPSRQHQWH KD VLGR UHJLVWUDGR HQWRQFHV SXHGH VHU
LQVWDQFLDGR 2WURV FRPSRQHQWHV VHUiQ LQVWDQFLDGRV
UHFXUVLYDPHQWH VL KDQ VLGR UHJLVWUDGRV SHUR WRGDYtD QR KDQ VLGR
LQVWDQFLDGRV\pVWHFRPSRQHQWHGHSHQGHGHHOORV
(ODOJRULWPRHQHO/LVWDGRPXHVWUDFRPRODVGHSHQGHQFLDVGH
ORVFRPSRQHQWHVVRQ LQVWDQFLDGDVVLHVQHFHVDULR6yORVL VHKDQ
FXELHUWRWRGDVODVGHSHQGHQFLDVGHOFRPSRQHQWHHQWRQFHVpVWHHV
DUUDQFDGR

Instantiate (Component): 
if (Component in registry.getInstances()) 
  return registry.getInstance(Component) 
end if 
 if (Acceptance_test(Component) == false) 
  return null; 
 end if 
 comp = new Component 
 dependencies = 
registry.getDependencies(Component) 
for all D in dependencies do
  inst = Instantiate(D) 
  if (inst == null) 
   return null; 
  else 
   comp.setDepend(D, inst) 
end for 
if (comp.start() == true)  
  registry.addInstance(comp) 
  return comp 
else 
  return null 
 end if
/LVWDGR3URFHVRGHLQVWDQFLDFLyQGHXQFRPSRQHQWH
2WUR SXQWR LPSRUWDQWH HQ OD LQVWDQFLDFLyQ GH XQ FRPSRQHQWH
HV HO WHVW GH DFHSWDFLyQ (O VLVWHPD GHEH FXPSOLU ORV UHTXLVLWRV
GHVFULWRV PiV DGHODQWH HQ OD VHFFLyQ  (VWRV UHTXLVLWRV QR VRQ
VyOR GH SODQLILFDELOLGDG GH ORV FRPSRQHQWHV VLQR WDPELpQ GH OD
DFWLYLGDG GH UHHPSOD]R DVHJXUDQGR TXH HO UHHPSOD]R GH XQ
FRPSRQHQWH HV SRVLEOH VLQ DIHFWDU D OD SODQLILFDELOLGDG GHO
VLVWHPD(OWHVWGHDFHSWDFLyQFRQVLVWHHQDFWXDOL]DUHO:&(7GH
ORV FRPSRQHQWHV DIHFWDGRV SRU OD FDUJD R UHHPSOD]R GHO
FRPSRQHQWH \ PRGLILFDU ODV FDUDFWHUtVWLFDV GH OD WDUHD GH
UHHPSOD]RGHDFXHUGRFRQHOOR(QWRQFHVVHDSOLFDXQDQiOLVLVGH
SODQLILFDELOLGDGSRUSDUWHGHOSODQLILFDGRU6L ODVPRGLILFDFLRQHV
VRQ FRUUHFWDPHQWH SODQLILFDEOHV HQWRQFHV OD LQVWDQFLDFLyQ R
UHHPSOD]RGHFRPSRQHQWHHVDFHSWDGR
Descarga de componente 
/DGHVFDUJDGHXQFRPSRQHQWHFRQVLVWHHQSDUDU ODHMHFXFLyQ
GHO FRPSRQHQWH HOLPLQDU VX WDUHD GH HMHFXFLyQ GH OD OLVWD GH
WDUHDVGHOSODQLILFDGRU VL HVXQFRPSRQHQWH DFWLYR \ HOLPLQDU VX
LQVWDQFLDGHODOLVWDGHLQVWDQFLDVGHOUHJLVWUR
/D LPSOHPHQWDFLyQ DFWXDO QR HOLPLQD ORV FRPSRQHQWHV TXH
GHSHQGHQ GH pVWH eVWRV GHEHQ VHU GHVFDUJDGRV GH IRUPD
HVSHFtILFD2WURVFRPSRQHQWHVSRGUtDQGHSHQGHUWDPELpQGHHOORV
DGHPiVGHOGHVFDUJDGR

5. Reemplazo de componentes 
(Q HVWD VHFFLyQ VH GHVFULEHQ HOPRGHOR \ OD LPSOHPHQWDFLyQ
GHO UHHPSOD]R GH FRPSRQHQWHV GHO PDUFR JHVWLRQDGR SRU HO
UHJLVWUR GH FRPSRQHQWHV $ SDUWLU GH DTXt VH KDFH UHIHUHQFLD
SULQFLSDOPHQWH D ORV FRPSRQHQWHV DFWLYRV TXH VRQ ORV TXH
UHSUHVHQWDQ PD\RU FRPSOHMLGDG 3HUR WRGR OR GHVFULWR HV
LJXDOPHQWH DSOLFDEOH DO UHHPSOD]R GH FRPSRQHQWHV SDVLYRV 3RU
FDGD FRPSRQHQWH SDVLYR UHHPSOD]DGR HV QHFHVDULR WHQHU HQ
FXHQWDVXVFRQH[LRQHV\FyPRPRGLILFDORVWLHPSRVGHHMHFXFLyQ
GHORVFRPSRQHQWHVDFWLYRVTXHGHSHQGHQGHpO
5HDOL]DU HO UHHPSOD]R GHO FRPSRQHQWH GH IRUPD VHJXUD HV
LQGLVSHQVDEOH SDUD PDQWHQHU OD VHJXULGDG HQ OD HMHFXFLyQ GHO
VLVWHPD5HVHUYDUUHFXUVRVHVQHFHVDULRWDQWRSDUDODVWDUHDVGHORV
FRPSRQHQWHV FRPR SDUD ODV DFWLYLGDGHV GH UHHPSOD]R (O KHFKR
GHTXHODVDFWLYLGDGHVGHUHHPSOD]RVHHMHFXWHQVLHPSUHGHQWURGH
XQ WLHPSR UHVHUYDGR HVSHFtILFDPHQWH SDUD HVWH ILQ SHUPLWH DO
PDUFR DVHJXUDU ORV SOD]RV WHPSRUDOHV HQ WRGR PRPHQWR (O
FiOFXOR GH GLFKR WLHPSR OR UHDOL]D HO PDUFR HQ WLHPSR GH
HMHFXFLyQ
/RVSDVRVGHOSURFHVRGHUHHPSOD]RVRQORVVLJXLHQWHV
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• &RSLDU HO HVWDGR GH OD DQWHULRU LPSOHPHQWDFLyQ GHO
FRPSRQHQWHDODQXHYDLPSOHPHQWDFLyQ
• 5HHPSOD]DUODVFRQH[LRQHVGHOFRPSRQHQWH
(O Q~PHUR GH FRQH[LRQHV YLHQH GDGR SRU HO Q~PHUR GH
GHSHQGHQFLDVGHOFRPSRQHQWHPiVHOQ~PHURGHFRPSRQHQWHVTXH
GHSHQGHQGHOTXH VHYD D UHHPSOD]DU(O WLHPSRPtQLPRTXH VH
UHTXLHUHSDUDFRPSOHWDUHOUHHPSOD]RGHOFRPSRQHQWHYLHQHGDGR
SRUODVLJXLHQWHHFXDFLyQ
 Cri = tstate + n*tbind  
/RVFRPSRQHQWHVGHODPLVPDVRQ
Cri±WLHPSRWRWDOUHTXHULGRHQHOSHRUFDVRSDUDUHHPSOD]DUHO
FRPSRQHQWHi
tstate ±WLHPSR UHTXHULGR SDUD WUDQVIHULU HO HVWDGR GH OD DQWLJXD
LPSOHPHQWDFLyQGHOFRPSRQHQWHDODQXHYD
tbind±WLHPSRUHTXHULGRSDUDFUHDURUHFRQILJXUDUFDGDFRQH[LyQ
GHO FRPSRQHQWH VLHQGR n HO Q~PHUR WRWDO GH FRQH[LRQHV GHO
FRPSRQHQWH
(O FRPSRQHQWH SURSRUFLRQD PpWRGRV HVSHFtILFRV SDUD VHU
XWLOL]DGRVGXUDQWHHOUHHPSOD]RgetState\setStateSHUPLWHQ
REWHQHU HO HVWDGR DFWXDO GHO FRPSRQHQWH \ DVLJQDUOR D OD QXHYD
LQVWDQFLD setDepend SHUPLWH DVLJQDU D OD QXHYD LQVWDQFLD ODV
UHIHUHQFLDVDORVFRPSRQHQWHVGHORVTXHGHSHQGH3DUDHOORVHOH
SURSRUFLRQDHOREMHWRDependencyFRUUHVSRQGLHQWH\ODUHIHUHQFLD
DOFRPSRQHQWHGHOTXHGHSHQGH
(O WLHPSR UHTXHULGR SDUD WUDQVIHULU HO HVWDGR GHO FRPSRQHQWH
SXHGH VHU FRQRFLGR SUHYLDPHQWH R FDOFXODGR EDViQGRVH HQ HO
WDPDxR Pi[LPR GH GDWRV PDQHMDGRV SRU HO FRPSRQHQWH (O
WLHPSR UHTXHULGR SDUD UHHPSOD]DU FDGD FRPSRQHQWH WDPELpQ
SXHGHVHUFRQRFLGRSUHYLDPHQWH\GHSHQGHGHODLPSOHPHQWDFLyQ
GHOPDUFR3RUORWDQWRVLJXLHQGRHVWHSURWRFRORGHUHHPSOD]RGH
FRPSRQHQWH HO WLHPSR WRWDO UHTXHULGR SDUD FRPSOHWDU OD SDUWH
FUtWLFD GHO UHHPSOD]R GH FRPSRQHQWH HV FRQRFLGR \ DFRWDGR 6H
UHVHUYD WLHPSR GH SURFHVDGRU SDUD OD HMHFXFLyQ GH HVWD WDUHD DO
LJXDO TXH SDUD HO UHVWR GH FRPSRQHQWHV GHO VLVWHPD $OJXQDV
SURSXHVWDVFRPR5DVFKHDQG3RO]HVHEDVDQHQSDUDU OD
HMHFXFLyQGHODDSOLFDFLyQSDUDUHDOL]DUUHFRQILJXUDFLRQHV(QXQ
HQWRUQRGHWLHPSRUHDOEORTXHDU ODHMHFXFLyQGHODDSOLFDFLyQQR
HV DFHSWDEOH SRU HOOR HOPDUFR SURSXHVWRPDQWLHQH XQD WDUHD GH
DFWXDOL]DFLRQHV HQFDUJDGD GH DSOLFDU ORV UHHPSOD]RV GH
FRPSRQHQWHVGHIRUPDVHJXUDHQODFXRWDGHSURFHVDGRUTXHWLHQH
UHVHUYDGDSDUDHOOR
+DFLHQGR XVR GH506 /HKRF]N\ HW DO  HO WLHPSR GH
SURFHVDGRU GLVSRQLEOH SDUD FRPSOHWDU OD DFWXDOL]DFLyQ GH XQ
FRPSRQHQWH SXHGH VHU FRQRFLGR (Q HO FDVR GH XQD ~QLFD WDUHD
SHULyGLFDHO WLHPSRGHSURFHVDGRUGLVSRQLEOHFRPHQ]DUtDFXDQGR
WHUPLQDVHODHMHFXFLyQGHOFRPSRQHQWHDUHHPSOD]DUKDVWDTXHHO
PLVPRFRPSRQHQWHYXHOYDDVHUDFWLYDGR(VWHWLHPSROLEUHWLHQH
TXH VHU LJXDO R PD\RU DO WLHPSR QHFHVDULR SDUD UHHPSOD]DU HO
FRPSRQHQWH/DVLJXLHQWHHFXDFLyQUHSUHVHQWDHVWDUHVWULFFLyQ
 i
r
ii TCC ≤+  
5HVHUYDUWLHPSRGHSURFHVDGRUSDUDFDGDWDUHDGHFRPSRQHQWH
GHPDQHUD TXH VH SXHGD DVHJXUDU XQ UHHPSOD]R GH FRPSRQHQWH
FDGDYH]TXHpVWH VH HMHFXWD UHTXLHUH DxDGLU HO WLHPSRQHFHVDULR
SDUD HO UHHPSOD]R GHO FRPSRQHQWH DO WLHPSR GH HMHFXFLyQ GH
GLFKDWDUHD$OJRDWHQHUHQFXHQWDHVTXHHOSOD]RGHHMHFXFLyQGH
ODWDUHDGHOFRPSRQHQWHQRVHYHUtDDIHFWDGR\DTXHHOUHHPSOD]R
VH DSOLFD MXVWR GHVSXpV GH TXH OD KHEUD WHUPLQH VX HMHFXFLyQ \
DQWHVGHTXHYXHOYDDVHUHMHFXWDGD/DSULRULGDGDVLJQDGDDHVWRV
UHHPSOD]RVSXHGHVHUODPLVPDGHOFRPSRQHQWHSDUDDVHJXUDUTXH
VHOOHYHDFDERHQWLHPSR0RGLILFDQGRODHFXDFLyQGHWLHPSRGH
UHVSXHVWDGDGDSRU/HKRF]N\HWDODxDGLHQGRHOWLHPSRGH
UHHPSOD]RDFDGDKHEUDWHQHPRV
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/D(FXDFLyQUHSUHVHQWDHOWLHPSRGHUHVSXHVWDGHODKHEUDi
GRQGH HO WLHPSR UHTXHULGR SRU FDGD FRPSRQHQWH GH PD\RU
SULRULGDGSDUD VHU UHHPSOD]DGR  rjC  HV DxDGLGRD VX WLHPSRGH
HMHFXFLyQ jC SDUDFDOFXODUVXLQWHUIHUHQFLDVREUHODVKHEUDVGH
PHQRUSULRULGDG(OWLHPSRGHUHHPSOD]RGHOFRPSRQHQWHiQRVH
LQFOX\HSRUTXHQRHQWUDGHQWURGHVXSOD]RGHHMHFXFLyQ
(VWHPpWRGRSXHGH UHSUHVHQWDUXQJUDQ VREUHFRVWH HQ UHVHUYD
GH SURFHVDGRU HQ FDVR GH TXH QR VH UHDOLFH XQ UHHPSOD]R GH
FRPSRQHQWH FDGD YH] TXH HV HMHFXWDGR )UHQWH D HVWH PpWRGR
SHVLPLVWD HO PDUFR LQFOX\H WDPELpQ RWUR PpWRGR PXFKR PiV
VHOHFWLYR TXH UHSUHVHQWD XQD VROXFLyQ GH FRPSURPLVR 6H SXHGH
UHVHUYDU XQ WLHPSRPHQRU GH SURFHVDGRU D FDPELR GH UHGXFLU HO
Q~PHUR GH UHHPSOD]RV SHUPLWLGRV GXUDQWH XQ WLHPSR
HVSHFLILFDGR(O WLHPSRGHSURFHVDGRU UHVHUYDGRSDUD UHHPSOD]R
HV FRPSDUWLGR SRU ORV FRPSRQHQWHV KDFLHQGR XVR GH XQD WDUHD
FRP~Q SDUD UHHPSOD]RV eVWD HV XQD WDUHD DGLFLRQDO GHO PDUFR
HQFDUJDGDGHUHDOL]DUORVUHHPSOD]RVVROLFLWDGRV
'HEHUtDVHUVXILFLHQWHFRQDVLJQDUODPLVPDSULRULGDGDODWDUHD
GH UHHPSOD]RTXHDO FRPSRQHQWHTXHYD D UHHPSOD]DU SDUDTXH
QR VH YHD LQWHUUXPSLGD SRU HO FRPSRQHQWH 3HUR HVR LPSOLFDUtD
FDPELDU ODSULRULGDGGHOD WDUHDGHUHHPSOD]RHQFDGDHMHFXFLyQ
LQWURGXFLHQGR PXFKD YDULDFLyQ HQ OD LQWHUIHUHQFLD FUHDGD HQ HO
UHVWRGHWDUHDV$GHPiVQRVLHPSUHHVSRVLEOHYDULDUODSULRULGDG
GH XQD WDUHD HQ FDGD XQD GH VXV HMHFXFLRQHV 3RU HOOR DTXt VH
FRQVLGHUD FRPR RSFLyQ PiV DSOLFDEOH \ UHDOLVWD HO DVLJQDU OD
SULRULGDGPi[LPD D OD WDUHD GH UHHPSOD]R(VWR WDPELpQ IDFLOLWD
ORVDQiOLVLVGHSODQLILFDELOLGDGGHOVLVWHPD
/DWDUHDVHUiHMHFXWDGDFXDQGRHOFRPSRQHQWHDUHHPSOD]DUQR
VH HQFXHQWUH DFWLYR /D (FXDFLyQ  DVHJXUD TXH HO WLHPSR GH
UHHPSOD]RHVLQIHULRUDOWLHPSRHQWUHHMHFXFLRQHVGHOFRPSRQHQWH
(VWR WDPELpQ DVHJXUD TXH QR KD\ SUREOHPDV GH DFFHVRV
FRQFXUUHQWHVDORVGDWRVGHOFRPSRQHQWH
(O SULPHU SDVR SDUD FDOFXODU HO HIHFWR GH HVWD WDUHD HQ HO
DQiOLVLVGHSODQLILFDELOLGDGHVFRQVLGHUDUODFRPRXQDQXHYDWDUHD
DxDGLGD D OD OLVWD GH WDUHDV SHUR HMHFXWDGD FRQ XQD SULRULGDG
VXSHULRUTXHHOUHVWRSDUDTXHQRVHDLQWHUUXPSLGD6LHVWDWDUHDHV
LQWHUUXPSLGDQRVHFXPSOLUiVXSOD]RGHHMHFXFLyQ
3DUD DVHJXUDUTXH VH UHVHUYD VXILFLHQWH WLHPSRGHSURFHVDGRU
SDUDUHHPSOD]DUFXDOTXLHUFRPSRQHQWHHOWLHPSRGHFyPSXWRHQ
HOSHRUFDVRGHHVWDWDUHDGHEHVHULJXDODOPD\RUGHORVWLHPSRV
QHFHVDULRVSDUDUHHPSOD]DUFXDOTXLHUDGHORVFRPSRQHQWHV
 PD[ 
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
(OHIHFWRGHODHMHFXFLyQGHHVWDWDUHDFRQODPi[LPDSULRULGDG
HQHODQiOLVLVGHSODQLILFDFLyQGHOFRQMXQWRGHWDUHDVTXHGDUtDGH
ODVLJXLHQWHPDQHUD
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'RQGH rI UHSUHVHQWD OD LQWHUIHUHQFLD FUHDGD SRU OD WDUHD GH
UHHPSOD]RGHFRPSRQHQWHVGHODVLJXLHQWHPDQHUD
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'HVGHODLQLFLDOL]DFLyQGHOVLVWHPDGHEHH[LVWLUXQDWDUHDSDUD
UHHPSOD]R GH FRPSRQHQWHV FRQ XQ SHULRGR GH HMHFXFLyQ rT  XQ
WLHPSRGHFyPSXWRHQHOSHRUFDVRGH rC \XQSOD]RGHHMHFXFLyQ
LJXDO DO WLHPSR GH FyPSXWR HQ HO SHRU FDVR GH rD  /RV
SDUiPHWURV GH HVWD WDUHD VH DFWXDOL]DUiQ GH DFXHUGR D ODV
PRGLILFDFLRQHV TXH VH SURGX]FDQ HQ HO VLVWHPD FRPR FDUJD
GHVFDUJDRUHHPSOD]RGHFRPSRQHQWHV6HHVWDEOHFHTXHHOSOD]R
GHHMHFXFLyQ VHD LJXDO DO WLHPSRGHFyPSXWR  rr DC = SRUTXH
GH RWUD PDQHUD UHSUHVHQWDUtD TXH OD WDUHD GH UHHPSOD]R KD VLGR
LQWHUUXPSLGDFRQGLFLyQLPSXHVWDDQWHULRUPHQWH
(O SHULRGRGH HMHFXFLyQGH OD WDUHD GH UHHPSOD]R  rT  YLHQH
GHWHUPLQDGR SRU HO WLHPSR GH SURFHVDGRU UHVHUYDGR R SRU HO
WLHPSRPtQLPR HQWUH OOHJDGDV GH SHWLFLRQHVGH UHHPSOD]R$TXt
VHGHVFULEHQGRVIRUPDVGHFDOFXODUOR
6L OD LQWHQFLyQ HV UHVHUYDU WLHPSR GH SURFHVDGRU SDUD RWUDV
WDUHDV GH PDQWHQLPLHQWR DGHPiV GH SDUD UHHPSOD]DU
FRPSRQHQWHV VH SXHGH FDOFXODU rT  EDViQGRVH HQ HO WLHPSR GH
SURFHVDGRU TXH VHGHVHD XWLOL]DU SDUD GLFKDV WDUHDV/D HFXDFLyQ
VHUtDODVLJXLHQWH
 U
CT rr
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'RQGH U UHSUHVHQWD HO SRUFHQWDMH GH SURFHVDGRU UHVHUYDGR
SDUDWDUHDVGHPDQWHQLPLHQWRHQJHQHUDORHVSHFtILFDPHQWHSDUDOD
WDUHD GH UHHPSOD]R GH FRPSRQHQWHV (O WLHPSR GH SURFHVDGRU
UHVHUYDGRSRGUiXVDUVHSDUDRWUDVIXQFLRQHVFXDQGRQRVHGHGLTXH
DUHHPSOD]RGHFRPSRQHQWHV
3RU RWUR ODGR SXHGH HVSHUDUVH XQ Q~PHUR PtQLPR GH
UHHPSOD]RV HQ XQ WLHPSR HVSHFLILFDGR 0tQLPXP ,QWHUDUULYDO
7LPH 0,7 (VWH WLHPSR VHUi HO TXH GHWHUPLQH HO SHULRGR GH
HMHFXFLyQGHODWDUHDGHUHHPSOD]RTr = MIT
(QOD LPSOHPHQWDFLyQGHVFULWDHQHVWH WUDEDMRVHKDFHXVRGHO
PRGHORGHUHHPSOD]RGHFRPSRQHQWHVVHOHFWLYRHQHOTXHODWDUHD
GH UHHPSOD]R HV FRPSDUWLGD SRU WRGRV ORV FRPSRQHQWHV \ XQ
WLHPSR GH SURFHVDGRU HV UHVHUYDGR SDUD OD HMHFXFLyQ GH GLFKD
WDUHD/D LPSOHPHQWDFLyQFRQVLVWH HQXQD WDUHDSHULyGLFDTXH VH
HMHFXWDUi GH DFXHUGR FRQ ORV SDUiPHWURV \D GHVFULWRV GHVFULWRV
 rC  rT DQG rD 
Co1
Co2
Co3
Cr
tr
Cr

)LJXUD0RGHORGHUHHPSOD]RVHOHFWLYRGHFRPSRQHQWH
(QOD)LJXUDVHSXHGHDSUHFLDUHOPRGHORLPSOHPHQWDGRHQHO
TXHHO WLHPSRGH OD WDUHDGH UHHPSOD]RHV FRPSDUWLGRSRU WRGRV
ORVFRPSRQHQWHV(QHVWHFDVRSRUFDGDHMHFXFLyQGH OD WDUHDGH
UHHPSOD]RVyORSRGUiVHUUHHPSOD]DGRXQFRPSRQHQWH<DTXHVH
UHVHUYDWLHPSRGHSURFHVDGRUSDUDHOPD\RUWLHPSRGHUHHPSOD]R
UHTXHULGRFRPRVHLQGLFDHQOD(FXDFLyQVHSXHGHUHDOL]DUHO
UHHPSOD]RGHFXDOTXLHUDGHORVFRPSRQHQWHV
5.1. Modelo de tarea de reemplazo de componentes 
+DFH IDOWD XQD LQIUDHVWUXFWXUD SDUD DSOLFDU ORV UHHPSOD]RV GH
FRPSRQHQWH3DUDHOORHVQHFHVDULDXQDWDUHDSDUDUHHPSOD]RVGH
FRPSRQHQWHVFRPR\DVHKDGHVFULWR(VWDWDUHDUHFLEHSHWLFLRQHV
GH UHHPSOD]R\ ODV LUiDSOLFDQGRHQRUGHQ3ULPHURGHEHFUHDUVH
XQD SHWLFLyQ GH UHHPSOD]R LQGLFDQGR HO QXHYR FRPSRQHQWH \ HO
DQWLJXRFRPSRQHQWHDUHHPSOD]DU(VWDSHWLFLyQVHDxDGHDODOLVWD
GHUHHPSOD]RV&XDQGRODWDUHDGHUHHPSOD]RVHVSODQLILFDGDSDUD
VX HMHFXFLyQ VHOHFFLRQDUi OD SULPHUD GH ODV SHWLFLRQHV \ OD
DSOLFDUi
3DUDTXHORVUHHPSOD]RVSXHGDQVHUWRWDOPHQWHFRQWURODGRVSRU
HO PDUFR DOJXQDV FODVHV GH 576- GHEHQ VHU H[WHQGLGDV YHU
)LJXUD  FScheduler HV XQ SODQLILFDGRU EDVDGR HQ HO
PrioritySchedulerDSRUWDGRSRUODHVSHFLILFDFLyQGH576-(Q
pOVHKDQLPSOHPHQWDGRODJHVWLyQGHWDUHDVGHFRPSRQHQWHV\ORV
WHVW GH DFHSWDFLyQ EDVDGRV HQ HO DQiOLVLV GH SODQLILFDELOLGDG GH
58% /tPLWH VXSHULRU GH WLHPSR GH UHVSXHVWD 5HVSRQVH7LPH
8SSHU %RXQG %LQL HW DO  FRealtimeThread H[WLHQGH
RealtimeThread DxDGLHQGR DOJXQDV FDUDFWHUtVWLFDV FRPR OD
SRVLELOLGDGGHDxDGLURHOLPLQDUODWDUHDGHOFRQMXQWRGHWDUHDVGHO
SODQLILFDGRU
UpdateTask H[WLHQGH OD FODVH FRealtimeThread SDUD
LPSOHPHQWDU OD WDUHD GH UHHPSOD]R (VWD WDUHD UHFLELUi ODV
SHWLFLRQHV GH UHHPSOD]R HQ IRUPD GH REMHWRV GH WLSR
UpdateOrder /D SHWLFLyQ GH UHHPSOD]R KDUi UHIHUHQFLD DO
FRPSRQHQWHDUHHPSOD]DU\DODQXHYDLQVWDQFLD

)LJXUD0RGHORGHWDUHDGHUHHPSOD]RGHOPDUFR
5.2. Implementación de la tarea de reemplazo 
$TXt VH GHVFULEH PiV HQ GHWDOOH OD LPSOHPHQWDFLyQ GH OD
DFWLYLGDG GH UHHPSOD]R (VWD LPSOHPHQWDFLyQ GLILHUH GH ODV
DFWLYLGDGHV GH FDUJD \ GHVFDUJD GH FRPSRQHQWHV \D TXH HVWDV
DFWLYLGDGHVQRWLHQHQUHTXLVLWRVHVSHFtILFRVGHWLHPSRSDUDTXHVX
HMHFXFLyQ VHD FRUUHFWD (VWD DFWLYLGDG FRPR \D VH KD GHVFULWR
WLHQH UHTXLVLWRV GH WLHPSR SDUD TXH OD HMHFXFLyQ GH ORV
FRPSRQHQWHVVHDFRUUHFWD
/RVSDUiPHWURVGHHVWDWDUHDVRQDFWXDOL]DGRVFDGDYH]TXHXQ
FRPSRQHQWH HV DFHSWDGR HQ HO PDUFR 7DPELpQ GH IRUPD
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GLIHUHQWHDODFDUJD\GHVFDUJDGHFRPSRQHQWHVORVUHHPSOD]RVVH
HIHFW~DQGH IRUPDDVtQFURQD(VWRTXLHUHGHFLUTXHHO UHHPSOD]R
QR VH UHDOL]D HQ HO PRPHQWR HQ HO TXH VH VROLFLWD VLQR HQ HO
PRPHQWR HQ HO TXH OD WDUHD VH SODQLILFD SDUD VHU HMHFXWDGD /D
)LJXUDUHSUHVHQWDHOSURFHVRFRPSOHWR8QDYH]TXHVHSLGHHO
UHHPSOD]R GH FRPSRQHQWH DO PDUFR pVWH FUHD XQD SHWLFLyQ GH
UHHPSOD]R\VHODHQWUHJDDOVHUYLGRUGHWDUHDGHUHHPSOD]ReVWH
OR DxDGH D OD OLVWD GH UHHPSOD]RV SHQGLHQWHV KDVWD OD SUy[LPD
HMHFXFLyQ GH OD WDUHD +DVWD HVH PRPHQWR WRGR HO SURFHVR VH
UHDOL]DHQVHJXQGRSODQRXVDQGRWLHPSROLEUHGHOSURFHVDGRU(VWR
HVSRVLEOHGHELGRDTXHSDUDHVWRVSDVRVQRKD\ UHVWULFFLRQHVGH
WLHPSR

)LJXUD3URFHVRGHJHVWLyQGHUHHPSOD]RV
(OUHHPSOD]RHQVtHVUHDOL]DGRSRUODWDUHDGHUHHPSOD]RFRQ
SULRULGDGPi[LPD+D\TXH WHQHUHQFXHQWDTXH ODHMHFXFLyQGHO
UHHPSOD]R VHUi UHWUDVDGD VL HO FRPSRQHQWH D VHU UHHPSOD]DGR VH
HQFXHQWUD HQ HMHFXFLyQ (O FRPSRQHQWH VH FRQVLGHUD FRPR XQ
UHFXUVR FRPSDUWLGR (VWR DVHJXUD OD FRUUHFWD HMHFXFLyQ GHO
UHHPSOD]R 'HELGR D TXH KD VLGR UHVHUYDGR HO WLHPSR GH
SURFHVDGRUQHFHVDULRQRVHSURGXFHQUHWUDVRVHQODHMHFXFLyQGHO
UHVWRGHWDUHDV

Update(OldComponent, NewComponent): 
 oldInstance = registry.getInstance(OldComponent) 
 newInstance = new NewComponent 
 newInstance.setState(oldInstance.getState()) 
 dependencies = 
registry.getDependencies(NewComponent) 
for all D in dependencies do
  inst = registry.getInstance(D.getComponent()) 
  if (inst == null) 
   return null; 
  end if 
  else 
   newInstance.setDepend(D, inst) 
end for 
rev_dependencies = 
registry.getRevDependencies(NewComponent) 
for all R in rev_dependencies do 
  dep_component = 
registry.getInstance(R.getComponent()) 
  dep_component.setDepend(R.getDepend(), 
newInstance) 
  newInstance.setState(oldInstance.getState()) 
end for
/LVWDGR5HHPSOD]RGHFRPSRQHQWH
(O /LVWDGR  GHVFULEH HO SURFHVR GH UHHPSOD]R GH XQ
FRPSRQHQWH(OQXHYRFRPSRQHQWHHV LQVWDQFLDGR\HOHVWDGRHV
FRSLDGR GH OD DQWHULRU LQVWDQFLD D OD QXHYD (QWRQFHV VH
FRQILJXUDQ ODV FRQH[LRQHV 3ULPHUR VH FRQILJXUDQ ORV
FRPSRQHQWHV GH ORV TXH GHSHQGH pVWH 3RU VLPSOLFLGDG ODV
GHSHQGHQFLDVVHVXSRQHQ\DLQVWDQFLDGDVHQHOOLVWDGR'HVSXpVOD
OLVWD GH GHSHQGHQFLDV LQYHUVDV HV XVDGD SDUD FRQILJXUDU ODV
FRQH[LRQHV FRQ ORV FRPSRQHQWHV TXH GHSHQGHQ GH pVWH (Q HVWH
PRPHQWRHOQXHYRFRPSRQHQWHKDUHHPSOD]DGRDODQWHULRU

6. Recolector de basura de Java 
8QR GH ORV PD\RUHV SUREOHPDV HQ FXDQWR D ODV
LPSOHPHQWDFLRQHV GH VLVWHPDV GH WLHPSR UHDO FRQ OD 0iTXLQD
9LUWXDOGH-DYDHVHOXVRGHXQUHFROHFWRUGHEDVXUD1LOVHQ
SDUD ODJHVWLyQDXWRPiWLFDGHPHPRULD/DHMHFXFLyQ LQHVSHUDGD
GHO UHFROHFWRU GH EDVXUD URPSH OD HMHFXFLyQ SODQLILFDGD GH ODV
WDUHDVGHWLHPSRUHDO6HKDQDSRUWDGRVROXFLRQHVSDUDPLQLPL]DU
HOHIHFWRGHODHMHFXFLyQGHOUHFROHFWRUGHEDVXUDSDUDVLVWHPDVGH
WLHPSRUHDOHQ-DYD%DFRQHWDO1LOVHQ3L]ORDQG
9LWHN
576-DSRUWDDOJXQDVDOWHUQDWLYDVSDUDHYLWDURGLVPLQXLUHOXVR
GHOUHFROHFWRUGHEDVXUD7DQWRHOXVRGHKHEUDVXVRGHPHPRULD
UHFROHFWDEOH  no heap threads FRPR HO XVR GH  PHPRULD GH
iPELWRscoped memoryHOLPLQDQHOXVRGHPHPRULDGLQiPLFD\
REOLJDQ DO SURJUDPDGRU D JHVWLRQDU OD PHPRULD XVDGD 'H HVWD
PDQHUDVHSXHGHUHGXFLUDOPtQLPRODQHFHVLGDGGHXQUHFROHFWRU
GHPHPRULD
3DUDSRGHUPDQWHQHUODFRPSDWLELOLGDGGHFyGLJR\DH[LVWHQWH
DTXtVHKDRSWDGRSRURWUDRSFLyQeVWDFRQVLVWHHQHOXVRGHXQD
PiTXLQD YLUWXDO FX\D LPSOHPHQWDFLyQ LQFOX\H XQ UHFROHFWRU GH
EDVXUDFRQFDUDFWHUtVWLFDVGHWLHPSRUHDO(QHVWHFDVRVHKDXVDGR
-DPDLFD90 6LHEHUW  TXH SURSRUFLRQD XQ UHFROHFWRU GH
EDVXUD FX\D LQWHUIHUHQFLD HQ OD HMHFXFLyQ GHO FyGLJR DXQTXH
H[LVWHQWHHVWiDFRWDGD

7. Validación empírica 
/DV SUXHEDV UHDOL]DGDV VH KDQ GLVHxDGR GHPDQHUD TXH VH KD
UHGXFLGR DO PtQLPR OD LQWHUIHUHQFLD FUHDGD SRU HO UHFROHFWRU GH
EDVXUD HQ ORV WLHPSRV GH HMHFXFLyQ 3DUD WRGDV ODV SUXHEDV GH
UHHPSOD]R VH KD GLYLGLGR OD HMHFXFLyQ GH ODV SUXHEDV HQ GRV
SDUWHV /D SULPHUD SDUWH HVWi GHGLFDGD D OD FUHDFLyQ UHJLVWUR H
LQVWDQFLDFLyQGH WRGRV ORVFRPSRQHQWHV'HHVWDPDQHUDGXUDQWH
ODV SUXHEDV GH UHHPSOD]R QR HV QHFHVDULR UHVHUYDU \ OLEHUDU
PHPRULDHYLWDQGRDOPtQLPRHOXVRGHOUHFROHFWRUGHEDVXUD
(O HQWRUQR GH SUXHEDV FRQVLVWH HQ XQ&RUH 'XR D *K]
FRQ *E GH PHPRULD 5$0 (O VLVWHPD RSHUDWLYR HV XQD
GLVWULEXFLyQ 8EXQWX  FRQ XQD YHUVLyQ GHO NHUQHO 
PRGLILFDGD SDUD LQFOXLU FDUDFWHUtVWLFDV GH WLHPSR UHDO :LNL
/DPiTXLYDYLUWXDOGH-DYDXWLOL]DGDFRPRVHKDGHVFULWR
HVOD-DPDLYD90YHUVLyQ
/D VHJXQGD SDUWH GH ODV SUXHEDV FRQVLVWH EiVLFDPHQWH HQ
UHDOL]DU UHHPSOD]RV GH FRPSRQHQWHV 'DGD XQD FRQILJXUDFLyQ
SUHYLD GH FRPSRQHQWHV \D HQ IXQFLRQDPLHQWR VH VHOHFFLRQD GH
IRUPD DOHDWRULD XQD LPSOHPHQWDFLyQ GLIHUHQWH GH ODV GLVSRQLEOHV
SDUDUHHPSOD]DUDXQFRPSRQHQWHGHODFRQILJXUDFLyQDFWXDO
3DUD SRGHU PHGLU HO WLHPSR QHFHVDULR SDUD UHHPSOD]DU XQ
FRPSRQHQWH ORV FRPSRQHQWHV SDUD HO UHHPSOD]R VRQ
VHOHFFLRQDGRVGHIRUPDDOHDWRULD/RVPpWRGRVXVDGRVSDUDFRSLDU
HOHVWDGRGHOFRPSRQHQWHVRQ ORVGHVFULWRVHQ ODVHFFLyQ3DUD
HVWDV SUXHEDV ORV GDWRV PDQHMDGRV SRU HO FRPSRQHQWH VRQ
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PRGHODGRV FRPR XQ REMHWR SRU OR TXH OD FRSLD FRQVLVWLUi
EiVLFDPHQWH HQ FRSLDU GLFKR REMHWR VX UHIHUHQFLD D OD QXHYD
LQVWDQFLDGHOFRPSRQHQWH
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)LJXUD0HGLDGHWLHPSRGHHMHFXFLyQGHUHHPSOD]R
(Q OD )LJXUD VH PXHVWUD OD PHGLD GH ORV WLHPSRV GH OD
VHFXHQFLD GH UHHPSOD]RV GH WRGDV ODV HMHFXFLRQHV UHDOL]DGDV 6H
SXHGH DSUHFLDU TXH DO VHJXLU XVDQGR PHPRULD UHFROHFWDGD VH
SURGXFHQ LQWHUIHUHQFLDV HQ OD HMHFXFLyQ 7DPELpQ VH SXHGH
DSUHFLDU TXH HVWDV LQWHUIHUHQFLDV VH HQFXHQWUDQ GHQWUR GH XQRV
OtPLWHV
7DEOD7LHPSRVGHUHHPSOD]RGHFRPSRQHQWHVPV
7LHPSRPHGLRGHUHHPSOD]R 
7LHPSRPi[LPRGHUHHPSOD]R 

/D7DEODPXHVWUDHOWLHPSRPHGLRQHFHVDULRSDUDFRPSOHWDU
XQ UHHPSOD]R GH FRPSRQHQWH TXH HQ HVWH FDVR HV GH 
PLOLVHJXQGRV (O WLHPSR Pi[LPR UHTXHULGR SDUD UHDOL]DU XQ
UHHPSOD]R GXUDQWH WRGDV ODV SUXHEDV HMHFXWDGDV HV GH 
PLOLVHJXQGRV(VWRV WLHPSRVSRGUiQYDULDU HQHO IXWXURGHELGRD
TXHGHSHQGHQGHRWUDVFRPSOHMLGDGHVGHOPDUFRFRPRHOPpWRGR
GHODFRSLDGHHVWDGRRHOWDPDxRGHpVWH
(VWDVPLVPDV SUXHEDV IXHURQXWLOL]DGDV SDUDPHGLU HO WLHPSR
UHTXHULGR SDUD FRPSOHWDU HO WHVW GH DFHSWDFLyQ $GHPiV GHO
DQiOLVLVGH WLHPSRGH UHVSXHVWDH[DFWR Response Time Analysis, 
RTAEDVDGRHQ/HKRF]N\HWDOGHVFULWRHQHVWHFDVRSRU
ODV HFXDFLRQHV  \  WDPELpQ KD VLGR LPSOHPHQWDGR 58%
%LQL HW DO 58% UHGXFH ORV WLHPSRV GH FRPSXWDFLyQ GH
ORV DQiOLVLV GH SODQLILFDELOLGDGGH IRUPD VLJQLILFDWLYD D FRVWD GH
DFHSWDU XQPHQRU Q~PHUR GH FRPSRQHQWHV 'DGR TXH OD PD\RU
SDUWH GHO WLHPSR VH GHEH DO WHVW GH DFHSWDFLyQ HO XVR GH 58%
UHGXFHVLJQLILFDWLYDPHQWHHOWLHPSRGHHMHFXFLyQGHHVWHSURFHVR
/D 7DEOD  PXHVWUD OD GLIHUHQFLD GH WLHPSRV HQ HO WHVW GH
DFHSWDFLyQKDFLHQGRXVRGH57$\GH58%
7DEOD7LHPSRVGHWHVWGHDFHSWDFLyQPV
57$±7LHPSRPHGLR 
58%±7LHPSRPHGLR 

(O WLHPSR PHGLR GHO WHVW GH DFHSWDFLyQ SDUD 57$ VRQ 
PLOLVHJXQGRVPLHQWUDVTXHSDUD58% HV GH  PLOLVHJXQGRV
(VWR VXSRQH XQD FDQWLGDG GH WLHPSR VLJQLILFDWLYD DKRUUDGD
PHGLDQWHHOXVRGH58%GHELGRDVXPHQRUFRVWHFRPSXWDFLRQDO
$XQTXHXQQ~PHURPHQRUGHFRPSRQHQWHVVHUtDQDFHSWDGRV%LQL
HWDOpVWDUHGXFFLyQQRHVVLJQLILFDWLYD
/RVDOJRULWPRVDTXtLPSOHPHQWDGRVSXHGHQVHURSWLPL]DGRVHQ
YDULRV DVSHFWRV SHUR HVWDV RSWLPL]DFLRQHV GHSHQGHUiQ GH ODV
FDUDFWHUtVWLFDVILQDOHVGHODLPSOHPHQWDFLyQGHOPDUFR
&RPR WDPELpQ VH KD LQGLFDGR OD LPSOHPHQWDFLyQ GH HVWH
PDUFR GH FRPSRQHQWHV HQ -DYD KDFH SRVLEOH XQD IXWXUD
LQWHJUDFLyQ FRQ 26*L SDUD KDFHU XVR GH VX FDSDFLGDG GH
UHHPSOD]RGHSDTXHWHV\DSUHFLDUORVEHQHILFLRVGHOUHHPSOD]RGH
FRPSRQHQWHVSURSXHVWRHQHVWHWUDEDMR

8. Conclusiones 
6RSRUWDUGLQDPLVPRHQORVVLVWHPDVGHWLHPSRUHDOUHTXLHUHHO
HPSOHRGHPHFDQLVPRVTXHGHWHUPLQHQHOPi[LPRFRVWHWHPSRUDO
GH ODV WDUHDV HQ WLHPSR GH HMHFXFLyQ (Q HQWRUQRV GH
FRPSRQHQWHVHOFiOFXORGHOWLHPSRGHUHHPSOD]RGHFRPSRQHQWH
UHTXLHUH OD DGHFXDGD FDUDFWHUL]DFLyQ WHPSRUDO GH ORV
FRPSRQHQWHV (Q HVWH WUDEDMR VH DSRUWD XQD VROXFLyQ SDUD
FRQVHJXLUUHHPSOD]RVVHJXURVHQWLHPSRGHHMHFXFLyQRIUHFLHQGR
XQ PRGHOR GH FRPSRQHQWH VLPSOH TXH LQWHJUD ODV SURSLHGDGHV
WHPSRUDOHVQHFHVDULDVSDUDUHDOL]DUXQDQiOLVLVGHSODQLILFDELOLGDG
(O WLHPSR QHFHVDULR SDUD ORV UHHPSOD]RV HV LQWHJUDGR HQ OD
SODQLILFDFLyQ GH WLHPSRV GHO VLVWHPD GH PDQHUD TXH VH UHVHUYD
WLHPSRGHSURFHVDGRUSDUDVXUHDOL]DFLyQQ
6HKDLPSOHPHQWDGRHOPRGHORGHFRPSRQHQWHVTXHGHIRUPD
VHJXUDFRQRSHUDFLRQHVDWyPLFDVSDUDUHDOL]DUODVDFFLRQHVEiVLFDV
FRPR HO FiOFXOR GH WLHPSRV GH UHHPSOD]RV \ OD UHDOL]DFLyQ GHO
UHHPSOD]RPLVPR([LVWHXQD WDUHDGHDOWDSULRULGDG PD\RUTXH
ODGHOUHVWRGHFRPSRQHQWHVFX\RWLHPSRDVLJQDGRVHEDVDHQORV
UHTXLVLWRV GH WLHPSR GH UHHPSOD]R GH ORV FRPSRQHQWHV GHO
VLVWHPD /D IUHFXHQFLD GH HMHFXFLyQ GH GLFKD WDUHD GHEHUi HV
FDOFXODGDSUHYLDPHQWHPHGLDQWHORVPpWRGRVDSRUWDGRV
(VWH WUDEDMR SUXHED TXH HV SRVLEOH LPSOHPHQWDU XQPDUFR GH
FRPSRQHQWHV HQ -DYD FRQ FDSDFLGDGHV GLQiPLFDV $GHPiV GHO
FiOFXOR GHO:&(7 HQ WLHPSR GH HMHFXFLyQ GH ORV FRPSRQHQWHV
DFWLYRVODSULQFLSDODSRUWDFLyQHVODFDSDFLGDGGHUHHPSOD]DUORV
FRPSRQHQWHVTXHKDFHQXVRGHHVWHPDUFRHQWLHPSRGHHMHFXFLyQ
GHIRUPDVHJXUD\WUDQVSDUHQWHVLQURPSHUVXHMHFXFLyQ
&RPRWUDEDMRIXWXURVHLQWHJUDUiHVWHPDUFRFRQODSODWDIRUPD
26*L WHQLHQGR HQ FXHQWD ODV OLPLWDFLRQHV GH 576- \ GHO
UHFROHFWRUGHEDVXUD
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Abstract 

,Q WKH ODVWGHFDGHVVROXWLRQVKDYHEHHQSURYLGHG IRU WKH UHDO
WLPHFRPSRQHQWEDVHGV\VWHPVGHYHORSPHQWDVDEDVHWRLQFUHDVH
SURGXFWLYLW\ DQG UHOLDELOLW\RI WKHLUGHYHORSPHQW DVZHOO DV WKHLU
PDLQWHQDQFH 6ROXWLRQV DUH LQFUHDVLQJO\ DSSHDULQJ WKDW DOORZ
FRQWUROOHGIOH[LELOLW\LQWKHVHV\VWHPVDLPLQJWRVXSSRUWG\QDPLF
H[HFXWLRQ WKURXJK WKH FRPSRQHQW UHSODFHPHQW DW UXQWLPH 6R
FRPSRQHQW PRGHOV DUH DGDSWHG WU\LQJ WR PLQLPL]H FRQIOLFWV
LQWHJUDWLQJ UHDOWLPH DQG G\QDPLF EHKDYLRUV DQG DFKLHYLQJ
FRPSRQHQWV UHSODFHPHQWV LQ D ERXQGHG WLPH 2QH RI WKH PDLQ
FKDOOHQJHV IRU WKLV LV WR FDOFXODWH WKH UHTXLUHG WLPHV E\ WKH
GLIIHUHQW RSHUDWLRQV QHHGHG LQ D FRPSRQHQW UHSODFHPHQW 7KH
RWKHULVVXHLVWRNQRZWKHRSHUDWLQJWLPHVRIWKHFRPSRQHQWLQWKH
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V\VWHPZKHQ WKHLU LPSOHPHQWDWLRQV FKDQJH DORQJ WKH OLIH RI WKH
V\VWHP ,Q WKLV ZRUN WKH LPSOHPHQWDWLRQ RI D FRPSRQHQW
IUDPHZRUN LPSOHPHQWDWLRQ LV GHVFULEHG SURYLGLQJ D SDUWLDO
VROXWLRQ IRU WKHVH SUREOHPV $ FRPSRQHQW PRGHO LV SURYLGHG
WRJHWKHU ZLWK WKH FRUUHVSRQGLQJ DOJRULWKPV WR DVVXUH WKDW
FRPSRQHQWV FDQ EH ORDGHG DQG UHSODFHG DW UXQWLPH ZLWKRXW
LQWHUIHULQJLQWKHLUH[HFXWLRQGHDGOLQHV7KHPRGHOLVGHVLJQHGWR
DYRLG IDLOXUHV GXULQJ FRPSRQHQW UHSODFHPHQWV )LQDOO\ D
YDOLGDWLRQRIWKHSUHVHQWHGFRQFHSWVLVSURYLGHG

Keywords: 
&RPSRQHQWV IUDPHZRUNV UHDOWLPH G\QDPLF V\VWHPV
FRPSRQHQWUHSODFHPHQWUHFRQILJXUDWLRQ
Referencias
$OPHLGD - :HJGDP 0  7UDQVSDUHQW G\QDPLF UHFRQILJXUDWLRQ IRU
&25%$ LQ %ODLU * 6FKPLGW ' 7DU = (GV UG ,QWHUQDWLRQDO
6\PSRVLXPRQ'LVWULEXWHG2EMHFWVDQG$SSOLFDWLRQV5RPHSS±
%DFRQ')&KHQJ35DMDQ9$ UHDOWLPHJDUEDJHFROOHFWRUZLWK
ORZ RYHUKHDG DQG FRQVLVWHQW XWLOL]DWLRQ LQ $&0 6,*3/$1 1RWLFHV
$&0SS±
%LQL(&KD7+5LFKDUG3%DUXDK6.$5HVSRQVH7LPH%RXQG
LQ)L[HG3ULRULW\6FKHGXOLQJZLWK$UELWUDU\'HDGOLQHV,(((7UDQVDFWLRQV
RQ&RPSXWHUV±
%ROOHOOD * *RVOLQJ -  7KH UHDOWLPH VSHFLILFDWLRQ IRU -DYD ,(((
&RPSXWHU±
%UXQHWRQ(&RXSD\H7/HFOHUFT07KHIUDFWDOFRPSRQHQWPRGHO
DQGLWVVXSSRUWLQ-DYD6RIWZDUH3UDFWLFHDQG([SHULHQFH±
%XUHV 7 +QHW\QND 3 3ODVLO )  6RID  %DODQFLQJ DGYDQFHG
IHDWXUHV LQ D KLHUDUFKLFDO FRPSRQHQW PRGHO LQ 6RIWZDUH (QJLQHHULQJ
5HVHDUFK 0DQDJHPHQW DQG $SSOLFDWLRQV  )RXUWK ,QWHUQDWLRQDO
&RQIHUHQFH2Q,(((SS±
&DQDO&0XULOOR-3RL]DW36RIWZDUHDGDSWDWLRQ/¶REMHW±
&DQR - *DUFtD9DOOV 0  6FKHGXOLQJ FRPSRQHQW UHSODFHPHQW IRU
WLPHO\H[HFXWLRQLQG\QDPLFV\VWHPV6RIWZDUH3UDFWLFHDQG([SHULHQFH
&ODUNH 0 %ODLU *6 &RXOVRQ * 3DUODYDQW]DV 1  $Q HIILFLHQW
FRPSRQHQW PRGHO IRU WKH FRQVWUXFWLRQ RI DGDSWLYH PLGGOHZDUH
0LGGOHZDUH±
&RUQZHOO 3 :HOOLQJV $  7UDQVDFWLRQ LQWHJUDWLRQ IRU UHXVDEOH KDUG
UHDOWLPH FRPSRQHQWV 3URFHHGLQJV ,((( +LJK$VVXUDQFH 6\VWHPV
(QJLQHHULQJ:RUNVKRS&DW1R7%±
&UQNRYLF , 6HQWLOOHV 6 $QHWD 9  $ FODVVLILFDWLRQ IUDPHZRUN IRU
VRIWZDUHFRPSRQHQWPRGHOV ,(((7UDQVDFWLRQVRQ6RIWZDUH(QJLQHHULQJ
±
*DUFLD9DOOV 0 $ORQVR 0XxR] $ 5XL] - *URED $  $Q
$UFKLWHFWXUH RI D 4XDOLW\ RI 6HUYLFH 5HVRXUFH 0DQDJHU IRU )OH[LEOH
0XOWLPHGLD (PEHGGHG 6\VWHPV 3URFHHGLQJV RI UG ,QWHUQDWLRQDO
:RUNVKRSRQ6RIWZDUH(QJLQHHULQJDQG0LGGOHZDUH/1&6±
*DUFtD9DOOV0$ORQVR$'HOD3XHQWH-0RGHFKDQJHSURWRFROV
IRU SUHGLFWDEOH FRQWUDFWEDVHG UHVRXUFH PDQDJHPHQW LQ HPEHGGHG
PXOWLPHGLD V\VWHPV LQ (PEHGGHG 6RIWZDUH DQG 6\VWHPV 
,&(66¶,QWHUQDWLRQDO&RQIHUHQFH2Q,(((+DQJ=KRXSS±
*DUFtD9DOOV0$ORQVR$'HOD3XHQWH-$D$GXDOEDQGSULRULW\
DVVLJQPHQW DOJRULWKP IRU G\QDPLF 4R6 UHVRXUFH PDQDJHPHQW )XWXUH
*HQHUDWLRQ&RPSXWHU6\VWHPV±
*DUFtD9DOOV 0 %DVDQWD9DO 3 (VWHYH]$\UHV ,  5HDOWLPH
UHFRQILJXUDWLRQ LQPXOWLPHGLD HPEHGGHG V\VWHPV&RQVXPHU(OHFWURQLFV
,(((7UDQVDFWLRQVRQ±
*DUFtD9DOOV05RGULJXH]/RSH] ,)HUQiQGH]9LOODU/EL/$1'
$Q (QKDQFHG 0LGGOHZDUH IRU 5HDO7LPH 5HFRQILJXUDWLRQ RI 6HUYLFH
2ULHQWHG'LVWULEXWHG5HDO7LPH6\VWHP ,(((7UDQVDFWLRQVRQ ,QGXVWULDO
,QIRUPDWLFV±
*DUFtD9DOOV0%DVDQWD9DO3D$ UHDOWLPHSHUVSHFWLYHRI VHUYLFH
FRPSRVLWLRQ .H\ FRQFHSWV DQG VRPH FRQWULEXWLRQV -RXUQDO RI 6\VWHPV
$UFKLWHFWXUH(OVHYLHUKWWSG[GRLRUJMV\VDUF
*DUFtD9DOOV 0 %DVDQWD9DO 3 0DUFRV 0 (VWpYH] ( E $ EL
GLPHQVLRQDO4R6PRGHOIRU62$DQGUHDOWLPHPLGGOHZDUH,QWHUQDWLRQDO
-RXUQDORI&RPSXWHU6\VWHPV6FLHQFHDQG(QJLQHHULQJ&/53XEOLVKLQJ
,6617RDSSHDU
,VRYLF ' /LQGJUHQ 0  6\VWHP GHYHORSPHQW ZLWK UHDOWLPH
FRPSRQHQWV3URFHHGLQJVRI(&223:RUNVKRS 3HUYDVLYH&RPSRQHQW
%DVHG6\VWHPV
.UDPHU -0DJHH -  7KH HYROYLQJ SKLORVRSKHUV SUREOHP '\QDPLF
FKDQJH PDQDJHPHQW 6RIWZDUH (QJLQHHULQJ ,((( 7UDQVDFWLRQV RQ 
±
/HKRF]N\ - 6KD / 'LQJ <  7KH UDWH PRQRWRQLF VFKHGXOLQJ
DOJRULWKP([DFWFKDUDFWHUL]DWLRQDQGDYHUDJHFDVHEHKDYLRULQ5HDO7LPH
6\VWHPV6\PSRVLXP,(((&RPSXW6RF3UHVV6DQWD0RQLFD&DOLIRUQLD
86$SS±
/L :  4R6 $VVXUDQFH IRU '\QDPLF 5HFRQILJXUDWLRQ RI &RPSRQHQW
%DVHG6RIWZDUH6\VWHPV,(((7UDQVDFWLRQVRQ6RIWZDUH(QJLQHHULQJ
±
0F.LQOH\ 3. 6DGMDGL 60 .DVWHQ (3 &KHQJ %+& 
&RPSRVLQJDGDSWLYHVRIWZDUH&RPSXWHU±
0LJXHO 0 'H 5XL] - *DUFtD9DOOV 0  4R6DZDUH FRPSRQHQW
IUDPHZRUNVWK,(((,QW¶O:RUNVKRSRQ4XDOLW\RI6HUYLFH±
1LOVHQ.,VVXHVLQWKHGHVLJQDQGLPSOHPHQWDWLRQRIUHDOWLPH-DYD
1LOVHQ. $GGLQJ UHDOWLPH FDSDELOLWLHV WR -DYD&RPPXQLFDWLRQV RI
WKH$&0±
20*&25%$&RPSRQHQW0RGHO6SHFLILFDWLRQ0DQDJHPHQW
20*80/3URILOHIRU0$57(0RGHOLQJDQG$QDO\VLVRI5HDO7LPH
(PEHGGHG6\VWHPV
26*L$OOLDQFH26*L6HUYLFH3ODWIRUP5HOHDVH6HUYLFH&RPSHQGLXP
9HUVLRQ$FFHVV
3L]OR)9LWHN-0HPRU\PDQDJHPHQWIRUUHDOWLPHMDYD6WDWHRIWKH
DUWLQ2EMHFW2ULHQWHG5HDO7LPH'LVWULEXWHG&RPSXWLQJ,625&
WK,(((,QWHUQDWLRQDO6\PSRVLXP2Q,(((SS±
3OãHN$/RLUHW)0HUOH36HLQWXULHU/$FRPSRQHQWIUDPHZRUN
IRU MDYDEDVHG UHDOWLPH HPEHGGHG V\VWHPV LQ 3URFHHGLQJV RI WKH WK
$&0,),386(1,; ,QWHUQDWLRQDO &RQIHUHQFH RQ 0LGGOHZDUH 6SULQJHU
9HUODJ1HZ<RUN,QF/HXYHQ%HOJLXPSS±
4XDGUL,50XOOHU$0HIWDOL6'HNH\VHU-0$57(EDVHGGHVLJQ
IORZ IRU 3DUWLDOO\ 5HFRQILJXUDEOH 6\VWHPVRQ&KLSV LQ WK ,),3,(((
,QWHUQDWLRQDO&RQIHUHQFH RQ9HU\ /DUJH 6FDOH ,QWHJUDWLRQ )ORULDQDSROLV
%UD]LO
5DVFKH $ 3RO]H $  '\QDPLF UHFRQILJXUDWLRQ RI FRPSRQHQWEDVHG
UHDOWLPH VRIWZDUH LQ WK ,((( ,QWHUQDWLRQDO :RUNVKRS RQ 2EMHFW
2ULHQWHG5HDO7LPH'HSHQGDEOH6\VWHPV:25'6 ,(((6HGRQD
$UL]RQDSS±
5DVFKH$3RO]H$5H'$&±'\QDPLF5HFRQILJXUDWLRQRI'LVWULEXWHG
&RPSRQHQW%DVHG $SSOLFDWLRQV ZLWK &\FOLF 'HSHQGHQFLHV LQ 2EMHFW
2ULHQWHG 5HDO7LPH 'LVWULEXWHG &RPSXWLQJ ,625&  WK ,(((
,QWHUQDWLRQDO6\PSRVLXP2Q,(((2UODQGR)ORULGDSS±
6KD /  'HSHQGDEOH V\VWHP XSJUDGH LQ 5HDO7LPH 6\VWHPV
6\PSRVLXP0DGULG6SDLQSS±
6LHEHUW )  5HDOWLPH JDUEDJH FROOHFWLRQ LQ WKH -DPDLFD90 
3URFHHGLQJV RI WKH WK LQWHUQDWLRQDO ZRUNVKRS RQ -DYD WHFKQRORJLHV IRU
UHDOWLPHDQGHPEHGGHGV\VWHPV-75(6¶
6WDQNRYLF -  9(67 $ WRROVHW IRU FRQVWUXFWLQJ DQG DQDO\]LQJ
FRPSRQHQWEDVHGRSHUDWLQJV\VWHPVIRUHPEHGGHGDQGUHDOWLPHV\VWHPV
8QLYHUVLW\RI9LUJLQLD75&6
7HVDQRYLF $ +DQVVRQ - 7H 8VDQRYLF $ 1\VWU|P ' 1RUVWU|P &
$VSHFWOHYHOZRUVWFDVHH[HFXWLRQWLPHDQDO\VLVRIUHDOWLPHV\VWHPV
FRPSRVLWLRQHG XVLQJ DVSHFWV DQG FRPSRQHQWV 3URFHHGLQJV RI WKH WK
,)$&,),3,(((:RUNVKRSRQ5HDO7LPH3URJUDPPLQJ:573¶
7HZNVEXU\/$0RVHU/(0HOOLDU6PLWK30/LYHXSJUDGHVRI
&25%$DSSOLFDWLRQVXVLQJREMHFW UHSOLFDWLRQ ,&60 ¶3URFHHGLQJVRI
WKH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ6RIWZDUH0DLQWHQDQFH±
9DQGHZRXGH<(EUDHUW3%HUEHUV<+RQGW7'7UDQTXLOOLW\$
/RZ 'LVUXSWLYH $OWHUQDWLYH WR 4XLHVFHQFH IRU (QVXULQJ 6DIH '\QDPLF
8SGDWHV6RIWZDUH(QJLQHHULQJ,(((7UDQVDFWLRQVRQ±
:DKOHU0 5LFKWHU 6 .XPDU 6 2ULRO0  1RQGLVUXSWLYH ODUJH
VFDOH FRPSRQHQW XSGDWHV IRU UHDOWLPH FRQWUROOHUV LQ ,QWHUQDWLRQDO
&RQIHUHQFHRQ'DWD(QJLQHHULQJ:RUNVKRSV,&'(:,(((WK
,(((+DQQRYHU*HUPDQ\SS±
:DUUHQ,6XQ-.ULVKQDPRKDQ6$QDXWRPDWHGIRUPDODSSURDFKWR
PDQDJLQJG\QDPLFUHFRQILJXUDWLRQ LQ ,(((,QWHUQDWLRQDO&RQIHUHQFHRQ
$XWRPDWHG6RIWZDUH(QJLQHHULQJ
:LNLKWWSVUWZLNLNHUQHORUJLQGH[SKS0DLQB3DJH)HEUXDU\
